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(i)
ABSTRACT OF THESIS
The resolution of (-)-1:2-dimethylcinnamyl alcohol 
has been carried out by fractional crystallisation of the 
brucine salt of the hydrogen phthalate, and has yielded 
the (-)-isomer.
/ +  \( -) -1: 2-Dirne thylcinnamyl alcohol has been hydrogen- 
ated over Raney nickel ¥-3 catalyst to (*■)-2-methyl-l- 
phenylbutan-3-ol' in which a new centre of asymmetry is 
generated at C^. Oxidation of the (-)-saturated alcohol
*4"has' yielded (-)~2-methyl-X~phenylbutan~3~one in which the 
original asymmetric centre is eliminated.
Attempts have been made, but failed, to separate
"f*the diastereoisomers of {-}-2-methyl-X-phenyXbutan~3-ol» 
via their coloured p-phenylazobenzoates, by adsorption 
chromatography, both on silica gel and alumina. Attempts 
to replace the secondary alcohol group by a methylene 
group, both by reductive cleavage of the bromo-derivative 
with lithium hydride and lithium aluminium hydride, and 
by the preparation of the alkyIroagneslum bromide, followed 
by reaction with ammonium chloride were not satisfactory,
(-)-l:2-Dimethyicinnamyl alcohol has been smoothly 
hydrogenated to (+)-2-methyl-l-phenylbutan-3-ol» which 
on oxidation has yielded (-)-2*-methyl~l-phenylbutan~3-one,
(ii)
the optical activity of the final ketone demonstrating 
that an asymmetric synthesis has been effected. Two 
sets of experiments were carried out. The percentage 
of asymmetric synthesis effected by hydrogenation of 
the optically active alcohol has been deduced by vapour* 
phase chromatography of the (+)-saturated alcohol; the 
two diastereoisomeric alcohols were separated by this 
process, and it has been deduced from the chromatograms 
that 21.5% and 17.3% asymmetric synthesis was effected 
in the two acts of hydrogenation.
Possible conformations of the 1:2-dimethyl- 
cinnamyl alcohol to the catalyst surface are discussed, 
one is considered to be somewhat more probable than 
others, and it is concluded that there is a preponde­
rance of hydrogenation.via this conformation, leading 
to asymmetric synthesis.
(-)-1-(a-Furyl)ethanol has been hydrogenated 
over Raney nickel W-3 catalyst to (-)-1-(a-tetrahydro- 
furyl)ethanol, which, by the preparation and recrystal­
lisation of the N-a-naphthylcarbamate, appears to 
contain two diastereoisomeric racemates. Elimination 
of the original centre of asymmetry by oxidation has 
failed to give the expected (-)-a-acetotetrahydrofuran. 
The investigation has, therefore, not been extended to 
the optically active l-(a-fury1)ethanol•
(iii)
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I N T R O D U C T I O N
ASYMMETRIC SYNTHESIS
An asymmetric synthesis is a process in which symme­
trical reactants ape allowed to react with one another, and* 
with or without the intervention of an optically active 
intermediate compound, optically active products result. 
There are two types of asymmetric synthesis :
(a) absolute asymmetric synthesis in which no optically 
active intermediate compound is used, and
(b) partial asymmetric synthesis in which an auxiliary 
optically active substance is used.
Absolute Asymmetric Synthesis
Since Pasteur's work on the tartaric acids a search 
has been made to find the origin of asymmetric synthesis 
in nature, since it has been found that naturally-occurring 
Organic Compounds containing a dissymmetric carbon atom are 
almost always in an optica lly pure state, whereas similar 
compounds synthesised in the laboratory from symmetrical 
reactants are always isolated as racemic mixtures. It has 
been suggested that in plants and animals both antipodes 
of a dissymmetric compound are formed simultaneously, and 
that one antipode is subsequently destroyed, the other 
being left intact. Another line of thought is that there
may be some intermediary substances acting as asymmetric 
catalysts whose influences lead to umi-directional syntheses 
( J.P. Mathieu, La synthese asyraetrique, 1935* p.3 )•
Pasteur ( Compt.Rend.,1874,7&,155 ) believed that 
" it is impossible by ordinary laboratory methods to produce 
dissymmetric compounds unless one can introduce in these 
reactions some influences of a dissymmetric nature n. Van't 
Hoff ( 1894 ) and Le Bel independently in the same year, 
suggested that if a dissymmetric force, such as circularly 
polarised light, be applied to the reactions, then optically 
active compounds might be produced.
One of the first attempts was that of Kuhn and Braun 
( Maturwiss. ,1929»1.7,227 ) who reported that by using circu­
larly polarised light of wave length 2800&, they succeeded 
in inducing an asymmetric decomposition of an ethereal solu­
tion of (t)-et'hyl-a-bromopropionate. With dexfro-circularly 
polarised light they obtained a product having a rotation 
of +0.05°? with leavo-eircularly polarised light they obtained 
a product having a rotation of -0.05°. These rotations dis- 
appeared, however, a few hours afterwards.
More substantial results were obtained by Kuhn and 
Knopf ( Z.fur Physikal Chemie,1930,87,293 )• They used cir­
cularly polarised ultra violet light to decompose the race- 
mic dimethylamide of a-azidopropionic acid. After about 36% 
of the compound had decomposed, the light source was removed
- 3 -
and an optically active product was obtained. With dextro- 
circularly polarised light a rotation of +0.78° was observed, 
and with light of the opposite sign -1.04°. Kuhn and Knopf 
showed that these rotations were due to undecomposed amide.
Mitchell ( J.C .S,,1930,1829 ) photolytically decom­
posed a 7% solution of racerdc nitrosite of humulene in 
ethyl butyrate by means of circularly polarised light. The 
rotations of the product were measured at intervals of time 
and a maximum of 0.42° was observed after about 36 hours.
An interesting experiment was reported by Karagunis 
and Brikos ( Z. fur Physikal Chemie,1934,B26,428 }. These 
authors irradiated a carbon tetrachloride solution containing 
a triarylmethyl free radical with circularly polarised 
light whilst passing chlorine into it. Using a specially 
constructed polarimeter tube they were able to follow the 
progress of the reaction directly and measure the rotation 
exhibited by the product. A maximum rotation of 0.08° was 
observed, its sign was that of the light source.
Schwab, Rost and Rudolph ( Kolloid Z., 1934,68,157 ) 
studied the dehydration and oxidation of racemic secondary 
butyl alcohol in the gas phase in the presence of reduced 
metal catalysts ( Ni, Cu, Ft ) deposited on quarts crystals 
of known optical signs. They found that the reactions fol­
lowed an asymmetric course because un-reacted sec-butyl 
alcohol was found to be optically active, its rotation was
-  4 -
0.15° and the sign was that of the quartz used.. Since quartz 
possesses no molecular dissymmetry, '-the authors suggested 
that it was the dissymmetric form of the quartz crystals 
which they believed to be transmitted to the quartz-metal' 
contact zone which was responsible for the asymmetric reac­
tions observed.
It may be noted that the degree of asymmetric syn­
thesis is low in the examples of absolute asymmetric syn­
thesis described above.
Partial Asymmetric Synthesis
This type of asymmetric synthesis has received more 
thorough study. Marckwald was the first to report success 
( Ber., 1904, 37, i 3^9 ) and according to him ( Ber. , 1904, 
37, 1368 ) a partial asymmetric synthesis is " the produc­
tion of optically active compounds from those of symmetrical 
constitution by the intermediate use, but without analytical 
separation, of the optically active substances n.
In the first paper Marckwald reported the decarboxy­
lation, by heating to 170°, of the mono-brucine salt of 
ethylmethylmalonic acid, followed by removal of brucine 
from the product, which yielded ethylmethylacetic acid con­
taining a 5% excess of the 1-isomer :
St C0GH(Brucine) Et .C00H(Brucine) Bt XOOH
h c q  — — — * X  »
Me-^ ^-COOK 170 Me H j .. acid Me^
d> (-)
- 5 -
Although criticism of his claim arose ( Cohen and 
Patterson, Ber. ., 190%, 37i 1012 ), Marckwald insisted that 
the conditions he employed were those of a partial asymmetric ! 
synthesis, since no analytical separation and therefore no 
partial resolution of the diastereoisomers had been carried 
out . [
Kenyon and Ross ( J.C.S., 1952, 2307.) proposed a 
mechanism for Marckwald1s decarboxylation. These authors I
suggested that during the decarboxylation reaction the
Et ~
intermediate : —— C00H(Brucine) was formed; this car-
Me^
banion could then recombine with a proton to give either |
of the two possible diastereoisomers, but these diastereo- |
isomers had different rates of formation, therefore a par- jI
|
tial asymmetric synthesis was possible. |
i
More conclusive evidence for a partial asymmetric j
synthesis was reported by McKenzie ( J.C.S., 1904, 8_5, 1373 ) .
|
He allowed methylmagnesium iodide to react with (-)-menthyl - !
benzoylfprmate, hydrolysed the resultant a-hydroxy ester L
and obtained atrolactic acid containing an excess of the f! L
|
1-isomer : |
* MeMgl ^H3 *?^ 3 !
CgH5-C0-C02C1(;H19 - * C6H5-C-C08C10Hl9- ---- » C6H,.-|-C02H
(-) OH OH
(-) (-) (-)
Subsequent papers■published by McKenzie and his co-workers 
( for bibliography, see Prelog, Eelv.Chim.Acta,1953♦36,308 )
described some 37 similar cases in which they had experimen­
ted with the following a-keto acids : pyruvic, benzoylformic, 
p-raethylbenzoylformic, p-methoxybenzoylformic, a-naphthyl- 
formic, and the following optically active alcohols :
( -) -menthol, (-)-borneol, (+ )-borneol, ( -)-2-octanol and
(+)-2-octanol*
McKenzie and Mitchell ( Biochem. Z., 1929* 203i 456 ) 
also discovered that the a-keto esters exhibited mutarota- 
tion ih ethyl alcohol.
To account for their successful asymmetric syntheses, 
and taking into account the fact that the a-keto esters 
mutarotated in ethyJ. alcohol, McKenzie ( Ergebn. Enzymforsch,, 
1936, 5, 49 ) suggested that in ethereal solution ( in which 
the Grignard reactions were carried out ) the carbonyl group 
of the a-keto esters was in a state of induced asymmetry u 
brought about by the presence of the optically active alcohol 
in the ester molecule. Thus, he believed that an equilibrium, 
which was too fast to be observed experimentally, was set up 
in ether :
R-C0-C02R it-— - r -c q -c q2r ^-------   r -c o -c o2r
<-> ■ (-) <-) (+) (-)
. A B
Furthermore, he believed that A and B were present in unequal
amounts, and that addition by a Grignard reagent fixed the
preponderance of one form over the other, thus accounting
7 -
for the success of the asymmetric synthesis.
Jamison and Turner ( J.C.S., 19^1, 538 ), however, 
regarded the mutarotation of the a-keto esters in ethyl 
alcohol as being due to a n first-order transforraation bet­
ween the diastereoisomeric hemiacetala formed by the very 
probable reversible combination of the esters with the sol­
vent : OH QEt
* EtOH I * I *
r -c o -c o2c 10h 19 R-9-fc°2h o Hi9 + Ri - C02C10H19
(-) OEt OH
(+) (-) <-> (-)
That the mutarotation of (-)-menthyl benzoylformate 
in ethyl alcohol was in fact due to hemiacetal formation was 
confirmed later by Turner and Glazer ( J.C.S., 19^9? 169 )•
Kenyon and Partridge ( 1936, 1313 ) suggested
that the a-keto ester in ethereal solution was homogeneous 
and that dissymmetric addition of a Grignard reagent was due 
to the difference in energy associated with the diastereo­
isomeric intermediate products.
Reid and Turner ( 19^9» 3365 ) believed that
the diastereoisoiaerides ( A and B below ) were formed rever- 
sibly from the reactants and that they were of different 
energies ; reaction by the route involving the lower activa­
tion energy would be favoured, hence asymmetric synthesis 
resulted :
“ T ~~2" ~"'2 I
OMgX OMgX
Prelog and his co-workers ( Bull* Soc. Chim., 1956, 
987 ) have re-examined McKenzie’s work with a view to under 
standing the steric course in such reactions. Prelog said 
that it was not possible for McKenzie to draw any conclu­
sions on the steric course of Grignard addition reactions 
with optically active a-keto esters, because the configura 
tions of the optically alcohols (e.g. (-)-menthol, (-)-bor 
neol, etc...) were not then known, and hence the steric 
control exerted by the groups attached to the asymmetric 
centres in them could not be ascertained. Consequently, 
Prelog and his co-workers used optically active alcohols 
of known configurations which they prepared themselves ; -
furthermore, these alcohols contained only one asymmetric 
centre. In correlating their results they found that :
- 9 -
(i) steric hindrance of the groups attached to the 
asymmetric centre in the optically active alcohol nearest to 
the reacting carbonyl group was responsible for the configura­
tion of the resulting a-hydroxy acids,
(ii) in an alcohol r V r ^C-OH, if R1, R2 and R3 differed 
very much in size, then the degree of asymmetric synthesis 
would be high.
From these observations they put forward a rule which 
applied booh in their own experiments and those of McKenzie's. 
Thus, by using the symbols L, M and S, as proposed by Cram 
and Elhafez ( J.A.C.S., 1952* .5828 ) to represent the
large, medium and small groups, respectively, attached to 
the asymmetric centre in the alcohol, they wrote the general 
scheme ;
S 
I *
M-C-OH + HO-QC-CO-R
Prom a " conformational analysis " they deduced that 
the mos1; energetically-favoured conformation assumed by the
- 10 -
a-keto ester prior to attack by R'MgX, required that the two 
carbonyl groups be in one plane and anti to each other ( A 
above ); attack by R'MgX would, occur on the least hindered 
side, that is on the same side as S, again as put forward 
by Cram and Elhafez ( see above ).
Prelog and his co-workers found their rule so satisfactory 
that they applied this type of asymmetric synthesis to the 
deduction of the configuration of the alcohol, by working 
backwards in the scheme above. Thus they deduced the configu-
reported, among which is the catalytic hydrogenation of 
olefinic optically active compounds.
tic hydrogenation was reported by Vavon and Jakubowicz 
( Bull. Soc. Chim., 1933i 5J3» 1111 ). These authors hydroge­
nated optically active esters of trans-(3-methylcinnamic acid, 
using platinum black as catalyst, saponified the saturated 
esters and obtained p-phenylbutyric acid in which one optical 
isomer predominated :
Exceptions described.in McKenzie's work were proved
to be due to incomplete saponification of the a-hydroxy esters.j
ration at carbon atom Cgo °^ steroid nucleus ( Prelog
and Tsatsas, lielv. Chim. Acta, 1953» 3 6, 1178 ).
Partial asymmetric syntheses on other lines have been
The first evidence of asymmetric synthesis by cataly
CH9-COOH;
-  11 -
where R= (-)-menthol, neomenthol, carvomenthol, cholestanol-
3a and -3(3.
In his review on asymmetric synthesis Prelog ( Bull. 
Soc. Chim., 1956, 96? ) suggested that, since catalytic 
hydrogenation was a heterogeneous process, it therefore 
presented complexities not expected in homogeneous processes, 
such as those carried out by McKenzie and himself, but never­
theless that the rule he and his colleagues had put forward 
could still be applied, although with certain additional 
considerations of the asymmetric centres present in the alkyl 
part of the cinnamic ester. Thus, he stated : ” the L, M, S, 
rule appeared to foe contradicted, since the same optical 
isomer of P-phenylfoutyric acid was derived from both the 
cholestanol~3a and -3P, whereas the epimers menthol and 
neomenthol gave enantiomeric acids ; however, in the transi­
tion state of an asymmetric catalytic hydrogenation, the 
more remote parts of the optically active alcohol make their 
contributions to the steric control of the reaction. Hence 
it was these additional contributions that were responsible 
for the apparent deviation from the rule H. To check the 
applicability of the rule Scherrer ( work un-published, but 
reported by Prelog, loc• cit.) prepared a series of optically 
active esters of trans-P-methylcinnamic acid, using the 
following alcohols whose absolute configurations had been 
determined :
- 12 -
T . 3OH 
( 5% - )
OH 
( 7% - )
+ )
OH
( 13°/o + )
It may be noted that in all the alcohols chosen there 
was only one centre of asymmetry ; furthermore, the medium 
( M ) and small ( S ) groups were the same in all cases 
( M= CH^, S= H ), but the large groups ( L ) were of diffe­
rent sizes j phenyl, a-naphthyl* 2:4:6-trimethylphenyl and 
2:4:6-tricyclohexylphenyl*
Scherrer hydrogenated these esters in the same manner 
as that of Vavon and Jakubowicz, and found the results shown 
in brackets above - the percentage indicating the degree of 
asymmetric synthesis,
Hence Prelog’s rule was applicable to asymmetric 
catalytic hydrogenation. The work of Vavon and Jakubowicz 
was represented by Prelog in the scheme below :
HOOC
\
y c
CH
/  3
X c6H5
V
0
H
H3C C6H5
\ q/  H
*  17 H.. I
I
c 
I
CH
6 5 / * C6K5
H — C— CH--COOH 
( &
- 13 -
As for the two carbonyl groups in a-keto esters, the carbonyl 
group and the double bond in this case were considered to be 
anti to each other in the energetically most favoured confor­
mation. Adsorbed hydrogen was considered to add on to the 
double bond on the least hindered side of the ester molecule.
Lipkin and Stewart ( J.A.C.S., 1939, 6l, 3295 ) have 
reported the catalytic hydrogenation of the hydrocinchonine 
salt of (3-methylcinnamic acid, using platinum oxide as cata­
lyst, On acidifying the saturated salt they obtained optically 
active (3-phenylbutyric acid, the degree of asymmetric synthe­
sis being 8-9%* Similar experiments were also carried out 
with the hydrocinchonine salt of (3-(a-naphthyl)cinnamic acid 
and yielded optically active (3-(a-naphthyl)y|propionic acid, 
the degree of asymmetric synthesis was also 8-9%* These 
authors also reported ( J.A.C.S.* 1939* 6l» 3297 ) the asym­
metric reduction of (3-methylcinnamic acid with d-glucose in 
alkaline solution in the presence of Raney nickel. The 
(3-phenylbutyric acid they obtained was slightly optically 
active, the degree of asymmetric synthesis was about 0.5%«
In all the asymmetric syntheses described above the 
degree of asymmetric synthesis is low. In McKenzie's work 
on the one hand, and in the catalytic hydrogenations by ' _~j' 
Vavon & Jakubowicz, • Scherror, and. Lipkin & Stewart on the 
other, the cause probably lies in the fact that the reacting
-  Ik -
centre was separated from the asymmetric centre by the -C 0-0- 
and the -CH^-CO-O- groups respectively. Tiffeneau, Levy and 
Ditz ( Compt, Rend., 1931» 192, 933; Bull, Soc. Chim., 1935» 
f>, l8*fc8, 1855 ) suggested that in the McKenzie-type reactions
the low degree of asymmetric synthesis was due to the fact 
that the reacting carbonyl group was separated from the opti­
cally active centre by the -C0-0- group; if they were adjacent 
then asymmetric induction would be at its maximum,and conse­
quently a high degree of asymmetric synthesis would be expec­
ted.
( J.C.S., 1937, 10^8 ) that by starting from (-)-mandelamide 
he was able to synthesise either the (-)- or the (+)-ethyl- 
benzoin. In the first instance he allowed (-)-mandelamide to
latter was then allowed to react with ethylmagnesium bromide 
to form the diastereoisomer (-)(-)-hydrbethylbenzoxn; on 
oxidation of this diastereoisomer he obtained only (-)-ethyl- 
benzoin. By reversing the order of the Grignard reagents he 
obtained only (+)-ethylbenzoin :
Support for this idea was the discovery by Roger
react with phenylmagnesium bromide to give (-)-benzoin; this
PhMgBr
(-)-Ph-CH(OH)-C0-NHo
EtMgBr
(-)-Ph-CH(OH)-CO-Ph (-)-Ph-CB(OH)-CO-Et
EtMgBr PhMgBr
Ph-CH(OH)-C(CH)Ph 
<-) (-)
Fh-CH(OK)-C(OH)Ph
it
y Et
Ph-CO-C(OH)Ph 
(-) Et
Roger believed that asymmetric induction was at its 
maximum, because the carbonyl group was adjacent to the 
original optically active group, and a " uni-lateral internal 
asymmetric synthesis u was a consequence of this. Furthermore 
he suggested that there was a great difference in character 
between the ethyl and phenyl groups which were present in the 
ketones before the addition of the second Grignard reagent.
Partridge ( J.C.S., 1939, 120 ), however, disagreed 
with Roger on the last point. Partridge suggested that it was 
the order in which the phenyl and ethyl groups were introduce 
into the molecule that was responsible for the production of 
the enantiomeric ethylbenzoins, and not the difference in
character between the two groups; the two ethylhydrobenzoins
!
were in fact diastereoisomers :
PhMgBrx'pb
Ph-CH(OH)-C=0
Ph-CH(OH)-CQNEL 
^ 2
EtMgBr Ph
EtMgBr
Ph-CH(OH)-C=0
Ph-CH(OH) OH
- 16 -
Y Ph V Et
Ph—CO— -OH
Et Ph
Arcus and Smyth ( J.C.S., 1955» 3^ ) reported an
asymmetric synthesis by catalytic hydrogenation. Optically 
active (+)- and (-)-3-ethyl-hept-3-ene-2-ol were hydrogena­
ted under pressure in the presence of Raney nickel catalyst 
to (+)- and (-)-3~ethyl-heptan-2-ol,respectively, with for-
alcohols were then oxidised to (-)- and (+)-3-ethyl-heptan-
2-one respectively. By the preparation and systematic recrys­
tallisation of the semicarbazoaes of the ketones, Arcus and 
Smyth were able to ascertain that in the two hydrogenations 
63 and 76% asymmetric synthesis had occurred. The detailed 
mechanism is described below ( p< 32 )•
mation of a new asymmetric centre at the saturated
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THE STEREOCHEMISTRY AND MECHANISM 
OF CATALYTIC HYDROGENATION„OF OLEFINS
The reduction of olefinic compounds by catalytic hydro­
genation is a useful process in synthetic organic chemistry, 
both in industry and in the laboratory. It occurs readily 
under a variety of experimental conditions. The catalysts 
which are normally employed are the metals of the transition 
series, e.g., nickel, platinum, palladium. The olefin to be 
hydrogenated is often dissolved in a suitable solvent, gene­
rally in ethyl alcohol, acetic acid and sometimes even in 
water. Straight-chain olefins are normally hydrogenated at 
room temperature and atmospheric pressure. In other cases 
where the olefins are resistant to hydrogenation under mild 
conditions, higher temperatures and pressures can be applied.
Although numerous studies on catalytic hydrogenation 
have been made in the past, the process is far from fully 
understoodjbecause many factors, in addition to the structure 
of the olefin, are involved;, for example, there has to be 
taken into consideration temperature, partial pressures of 
hydrogen and the olefin, the catalyst, the way it is prepared, 
its age and the nature of the solvent. Nevertheless some con­
sistencies have been observed; the present-day view is that 
the basic process in catalytic hydrogenation of olefins
-  18 -
includes, generally, the following steps ;
(i) initial adsorption of the reactants, i.e. olefin 
and hydrogen, on the surface of the catalyst;
(ii) addition of adsorbed hydrogen to adsorbed olefin 
on that side of the olefin molecule which faces the catalyst,
i.e. cis-addition of hydrogen;
(iii) desorption of the hydrogenated molecule.
Any other step, or steps, different from the three 
described above is the result of n abnormal n experimental 
conditions. For example, trans-addition of hydrogen does 
occasionally occur, but it is considered to be the result 
of secondary processes which are brought about under drastic 
conditions, for instance, very high temperatures, or protrac­
ted periods of hydrogenation ( Bourguel, Bull, Soc, Chim,,
1932, [4], 51, 253 ).
The presence of a catalyst in hydrogenation indicates 
that surface reactions are involved ( Bond., Quart. Revs., 
1954, 8, 279 ), the reactants being adsorbed on to the cata­
lyst surface. Adsorption of olefins in hydrogenation is con­
sidered to be chemisorption, as distinct from van der Waals 
adsorption, involving the opening of the double bonds and 
formation of covalent bonds between the olefins and the atoms 
of the catalyst surface. Hydrogen is also considered to be 
chemisorbed. ~
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The most widely supported mechanism of cheraisorption 
of olefins on the surface of the catalyst ( Burwell, Chem. 
Revs. ,1957* 5_7, 912 ) is the ’’associative” mechanism which 
is illustrated below for ethylene : TT „i. i .nt
\ ^   ............  — — CT(gas) leading to ^ / v
H" ' "H m k m m m
C = z C
The cheraisorption of hydrogen involves the cleavage of the 
H-H bond, which requires a large amount of energy, but is 
considered to foe possible with the help of the cata lyst 
( Bond, Quart, Rev., 1954, 8, 279 ).
Another mechanism for the adsorption of olefins is 
sometimes advocated, namely the ”dissociaiive”mechanism 
( Bond, loc• cit, ) :
(gas) leading to ^
m w m m m m ?
as illustrated for the case of ethylene, this mechanism 
involves the dissociation of the ethylene molecule into a 
vinyl radical and an H atom, both are adsorbed as shown.
The ’’associative” mechanism is considered to be more 
general. Cis-addition of hydrogen to the olefins is the result 
of the reactants being adsorbed.
Farkas and Farkas ( Trans. Faraday Soc., 1937, 33, 837) 
suggested that simultaneous addition of two hydrogen atoms '1
from the same molecule, either from the vapour phase or from 
an adsorbed state, to an adsorbed olefin molecule, would 
result in cis-addition. Their view is confirmed by the work 
of Ott and Schrdter ( Ber., 1928, 6l, 2119» 2124 ) who repor­
ted that hydrogenation of dimethylmaleic and dimethylfumaric 
acids over platinised charcoal produced, respectively, meso- 
and racemic dimethylsuccinic acid : H
HLC-C-COQH 
3
HLC-C-COGH
3
H.C-C-COCH 
3
HOOC-C-CH,
H2/Pt-C
H2/Ft-C
h3c-
HQOO^'
H
H
C-I
C~.
H
-COOH
-COOH
-COOH
‘CH,
raeso-
racemxc-
Von Wessely and Wellafoa ( Ber*, 1941, 74* 778 ) reported 
further evidence of cis-addition of hydrogen in catalytic 
hydrogenation. Cis- and trans-dimethylstilbene were hydroge­
nated over palladised charcoal, and the products were found 
to be, respectively, meso- and racemic-2:3-diphenylbutane :
- 21
Greenhalgh and Polanyi ( Trans. Faraday Soc,, 1939*
351 52.0 ), however, pointed out that cis - addition was not a 
proof of the simultaneous addition of a pair of hydrogen atoms, 
since the attachement of the olefin molecule to the catalyst 
prior to the formation of the half hydrogenated state ( see 
later, p, 22) automatically meant that addition of single 
atoms would occur in the cis- position.
Another alternative mechanism was proposed by Jenkins 
and Rideal ( J.C.S., 1955$ 2496 ) who said that hydrogenation 
as a consequence of collision of an olefin molecule from the 
gas phase with two adsorbed hydrogen atoms would also lead 
to cis- addition.
The question whether hydrogenation occurs by simulta­
neous addition of a pair of hydrogen atoms ( possibly from 
the same molecule ), or by independent addition of two hydro­
gen atoms at separate times is probably answered by study of 
ethylene-deuterium reactions.
Farkas, Farkas and Rideal ( Proc. Roy. Soc., 1934, A,
146, 630 ) discovered the formation of hydrogen deuteride in 
the ethylene-deuterium reaction; it was considered to be 
produced by the reaction :
H2C=CH2 + D2 ^ H2C=CHD + HD
that is, a deuterium-hydrogen exchange had occurred, but.the
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presence of mono-deuterated ethylene could not be,proved. 
Turkevich, Schissler and Irsa { J. Fhys. Chem., 1951* 55,
meter they were 'able to demonstrate that the products con­
tained both deuterated ethane and deuterated ethylene; 
furthermore they were able to prove that the ethane and the 
ethylene contained various numbers of deuterium atoms per 
molecule•
deuterium and benzene had led Horiuti and Polanyi ( Trans. 
Faraday Soc., 1934, 30, 1164 ) to suggest that the most 
important part of catalytic hydrogenation was centred on the 
"half hydrogenated" radical of the olefin. The half hydroge-
107$ ) have re-examined the ethylene-deuterium reaction on 
a nickel filament heated at 90°. By means of a mass-spectro-
A previous study on the exchange reaction between
nated radical was considered to be formed as follows :
for example, with ethylene as the olefin,
(A)initial adsorbed'state-  (3)"half hydrogenated” state
(C)exchanged state (D) fully hydrogenated state
- 23 -
Ethylene was considered to he adsorbed in the usual 
way (A); independent approach by a. pair of adsorbed deute­
rium atoms would take place; the ’’half hydrogenated” state 
(B) was formed when one deuterium atom'became attached to 
one carbon atom; from state (B) reaction leading to either 
the exchanged state (C) or to the fully hydrogenated state 
(D) could occur. At low pressure of deuterium reaction 
leading to (C) was considered to be favoured, whereas the 
converse applied to reaction leading to (D), because, if 
there were sufficient adsorbed deuterium atoms ( i.e. high 
deuterium pressure ), addition of the second deuterium atom 
to the remaining adsorbed carbon atom would take place 
before anything could happen to the first carbon atom. The 
whole argument above applies to normal hydrogenation.
Relevant work involving ethylene and deuterium was 
reported by Twigg ( Discuss, Faraday Soc., 1950, 1^2 ) :
ethylene was hydrogenated at -7$° with (i) an equilibrated 
mixture of deuterium and hydrogen, and (ii) a non-equi1i- 
brated mixture of deuterium and hydrogen. Twigg's experi­
ments were as follows :
(i) Equilibrated mixture ( D ' + H0 leading to Dn + HD +— .. ...■■-.■-.i,—... .- <£ eL d, £
A 50-50 mixture of D^ and was admitted to the 
catalyst at -78°. The reaction vessel was allowed to reach 
room temperature and kept there for 6 hours before being
- 2k -
cooled to -78° again. Ethylene was added and reaction was 
allowed to take place during 16 hours at -78°, The product 
was separated from residual deuterium and hydrogen by passing 
the mixture through a liquid nitrogen trap.
(ii) Non-equilibrated mixture ( )
The catalyst was treated with hydrogen at -78° for 6
hours and the hydrogen pumped off. Ethylene was added to the
reaction vessel, followed by a 50-50 mixture of deuterium 
and hydrogen. Reaction was allowed to take place during 18 
hours and the product was separated as in (i).
By carrying out these experiments Twigg expected to 
prove that if addition of single atoms of hydrogen occurred , 
the product obtained in (i) would contain :
% CH_-CH_ t Vt CH_-CH0D and CH0D~CHoD ;
3  3 3  d> &  &
■ if. addition of pairs ot a tons ( deuterium or hydro­
gen ) occurred, the product obtained in (ii) would contain :
Vz CH3-CH3 and ^ CH2D-CH2D .
Twigg found that addition of single atoms in fact 
occurred in his experiments, because the products from (i) 
and (ii) had identical infra red spectra, and these spectra 
were different from that of a mixture of anc* ^2^6
which Twigg had prepared by mixing equal proportions of the 
two ethanes. Twigg concluded that addition of hydrogen to 
a double bond did not take place in a single act, but that
- 25 -
the hydrogen molecule was first split into atoms which then 
added one at a time. He proposed a mechanism which appears 
to be satisfactory for all the observed facts :
?H2 SH?CH2= CK2 (gas). -----> I \ 2
-- Ni ■==: -=™. Ni —
f *  —  ? 2  f2 , H i  H
— — =4-^ :....... ..........CH^—  CK_ (gas)
JNi Ni—  Ni Ni ~ 3 3
7he.
Ethylene is chemisorbed by opening of the double bond.Sii 
chemisorption ■ of hydrogen takes place by reaction of a:, van 
der Waals adsorbed hydrogen .molecule with a. chemisorbed 
ethylene molecule to form an ethyl radical ( half hydroge­
nated state ) and a chemisorbed hydrogen atom. Hydrogenation 
proceeds by addition of a chemisorbed hydrogen atom to the 
ethyl radical. The ethyl radical can also be re-adsorbed 
by a fast reversible process to give a chemisorbed ethylene 
molecule and a chemisorbed hydrogen atom :
CH_
I 3
CH2  -- - - >  CHg CH2 H
—  T  Ni —  _ Ni ■— - __T~Ni — • _ Ni —
Twigg’s mechanism is thus very similar to that pro­
posed by Horiuti and Polanyi ( see p. 22 )t except for the 
difference that Twigg’s mechanism involves the initial
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reaction between a. chemisorbed olefin molecule and a van 
der Waals adsorbed hydrogen molecule. Any chemisorbed 
hydrogen that is formed is considered to be produced only 
after interaction between the reactants has taken place.
The chemisorbed hydrogen atom can then enter the reactions 
described above ( p. 25 ). The mechanism also explains why 
in the presence of ethylene the ortho-para hydrogen convert 
sion is completely inhibited, although hydrogenation pro­
ceeds, since ethylene appears to compete with hydrogen for 
adsorption sites ( Twigg, loc. cit. ).
However, independent chemisorption of hydrogen may 
occur in other cases ( Bond, Quart* Revs., 195^, 8, 279 )•
It is probably true to expect that molecules larger than 
the ethylene molecule cannot be adsorbed as strongly as 
ethylene; experiments have shown that this is at least 
true with the propylenes and butenes ( Bond, loc. cit ).
So far only adsorption has been dealt with to explain 
the way in which olefins and hydrogen react with one another 
Another factor, perhaps more important, as far as the stereo 
chemistry of catalytic hydrogenation is concerned, is the 
effect, or effects, of the groups attached to the trigonal 
carbon atoms of the double bond on the ease of adsorption 
and consequently of hydrogenation.
There is a body of evidence to suggest that the ease 
of adsorption of olefins depends on -the nature of the subs­
tituents attached around the double bond, Lebedev, Koblian- 
sky and Yakubchik ( J.C.S., 1925, 127, 417 ) have observed 
that olefins of the type RCHsCHg are hydrogenated very 
readily over platinum black, whereas those of the type 
RCK=CHR’ are hydrogenated more slowly, Kern, Shriner and 
Adams ( J.A.C*S., 1925, 47, 114? ) have reported the slow 
rates of hydrogenation for phenyl substituted olefins.
Among other workers who have observed the same results are 
Zartman and Adkins ( J.A.C.S., 1932, 5ft, 1668 ). Confirma­
tions of these observations was reported by Kazanskii and 
Tatevoysan ( J. Gen. Chem., U.S.5.R., 1939, 9, 1458 ) : 
in hydrogenation over platinum catalyst, the following 
sequence for the ease of hydrogenation was found :
The following sequences have been found by Lagerev 
and Abranov ( J. Gen. Chem., U.S.S.R., 1938, 8, 1682 ) and 
Lagerev and Bafoak ( ibid., 1937, 7, l66l ) :
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It appears, therefore, that the larger the substituents 
and the more symmetrically they are arranged around a double 
bond, the slower the rate of hydrogenation becomes. Conse­
quently it is quite probable that the substituents around a 
double bond exert a certain impediment on the adsorption of 
the olefin.
Vavon ( Bull. Soc. Chim. , 1931» 9&5 ) and
Vavon and Jakes ( ibid., 1927* , 8l ) have applied
optical activity in a study on the ease of hydrogenation 
of a number of substituted olefinic compounds. Using a-pinene 
as a reference compound,because any change of rotation could 
be traced back to unreacted a-pinene, they were able to 
establish the following sequence :
C/:H_ -CH=CK-COOH ^C=CH-COOH
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/  ' ^  6-s! /  3N  CrH_-CK=C >  . >C=C
X  6 5 \ ^  X  \
CH_ CH_ COOH
3 3
Linstead, Doering, Davis, Levine and Whetstone 
( J.A.C.S., 1942, 64, 1895-2026 ) have studied the stereo­
chemistry of a number of derivatives of diphenic acid and 
phenanthrene over a platinum catalyst. They observed that 
all the compounds they studied hydrogenated cis and syn. 
By syn it was meant the hydrogen a tores added- to the carbon 
atoms forming the inter-nuclear bridge were also cis to 
each other. For instance, the hydrogen atoms added to the 
carbon atoms at positions 11, 12, 13 and 14 of the phenan­
threne frame were all cis to one another :
7
They suggested that the c.is-and-syn hydrogenation 
could probably have been due to the aromatic molecule being 
adsorbed on a suitably flat area of the catalyst surface, 
and addition of hydrogen on the side of the molecule facing 
the catalyst would be all cis :
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They also found that cis-asya-octahydrophenanthrene
was also hydrogenated predominantly to the syn-product; 
they believed the first of the following modes of adsorption 
was favoured :
Linstead and his co-workers ( loc. cit. ) proposed 
the theory of catalyst-substrate hindrance. This theory 
maintains that for ease of hydrogenation an unsaturated 
molecule must be adsorbed on a suitably flat surface; any 
prevention of it from doing so would render hydrogenation 
more difficult. The case of cis-asym-octahydrophenanthrene 
illustrated above is a good example : in ( 1 ) hydrogenation 
occurs more readily because ring A points away from the 
catalyst surface, whereas in ( 2 ) the ring A points towards 
the surface, making;adsorption on a flat surface impossible 
and hence hydrogenation is more difficult.
anti-
Support for this view is provided by the work of
Vavon ( Bull. Soc, Chim., 1926, [^]» 39» 668 ) who hydroge­
nated a number of substituted cyclohexanones. These compounds 
hydrogenated cis, especially the ortho series, for instance,
Vavon believed that this was due to steric hindrance between 
the substituent R and the entering H.
Linstead et al., however, pointed out that the steric 
hindrance suggested by Vavon was relevant, but they considered 
it taking effect at the moment of adsorption, i.e. prior to 
hydrogenation :
) found that they could not hydrogenate over Raney nickel, 
even under very drastic conditions, those diphenyl derivatives 
that possessed optical activity because of steric hindrance 
by the substituents in the ortho position :
Adkins, Waldeland and Zartman ( J.A.C.S., 1933? 55t
H
R leading to
:o
R
H
H
32
Again, catalyst hindrance is probably the cause, since
owing to restricted rotation about the inter-nuclear bond, 
the diphenyl part of the molecule could not be adsorbed on a 
flat surface of the catalyst, hence hydrogenation would be
Finally, Arcus and Smyth ( J.C.S., 1955* 3^ ) applied 
optical activity as a means to determine the stereochemistry 
of hydrogenation. ( + )- and ( ~ ) ~3-'2 thyl-hept-3~en-2-ol were
(-)-3~ethyl-heptan~2-ol, respectively, in which a new centre
cally active saturated alcohol they eliminated the original 
centre of asymmetry at and obtained 3-ethyl-heptan-2-one 
in an optically active state. This constituted an asymmetric 
synthesis :
adopt such a conformation that the molecule could be adsorbed 
on a flat surface of the catalyst; the centre of asymmetry 
at Cg was considered to exert a control on the mode of adsorp­
tion of the unsaturated molecule, and cis-addition of hydrogen 
to the double bond on the side facing the catalyst would lead
difficult•
hydrogenated over Raney nickel and under pressure to (+)- and
of asymmetry was generated at C_. By oxidation of the opti-
3
CK(OH)CH CH(OK)CH
3
*
The unsaturated alcohol molecule was considered to
33
to an optically active product :
Et Me
Me
H
— i
The authors interpreted the results in terms of inter­
action of the IT-electrons of the double bond, and the lone 
pair of the oxygen atom, with the nickel surface.
hydrogenation reactions are complex processes, the basic 
course of such reactions generally involves :
1. initial adsorption of the reactants on to the surface 
of the catalyst;
2. the steric mode of adsorption of the olefin molecule 
depends on its structure; in general the flattest conforma­
tion is preferentially adsorbed;
3* addition of adsorbed hydrogen atoms, and at different 
times, to the double bond occurs on tho side facing the cata­
lyst surface, i . e . . cis ^ addition.
In conclusion it may be said that although catalytic
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THE SEPARATION OF DIASTERE01SOMERS.
Unlike enantiomorphs which possess identical physical |! 
properties 1except the effect on plane-polarised light, dia- j 
stereoisomers generally differ considerably in physical pro­
perties, such as optical rotation, melting point, solubility
and to a lesser degree in boiling point. Meso- tartaric acid, j
1
for instance, has very different characteristics from those |
of the d- and 1-forms, because it is a diastereoisomer of
either of these :
COOH COOHj COOHi ■ [
HO--L .h H j -OH HO­ I—  H
H L -OH HO ! H MO--j H |
COOH CCOH. COOH
d-form 1-form meso-form |
Soiae of the physical properties of the d- and meso-forms are
given below :
Physical property d-form meso-form
Melting point 170° 1 0 ^1^0 |
Density l.?6 1.66
Solubility .(g. in lOOg. K^O
(
at 15°) 139 125
Specific rotation, [a]^(20% + 12° inactive *
solution in H^O)
L ................. ' i
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These differences make the separation of the meso-form 
from either the d- or the 1-form of tartaric acid possible.
In general, therefore, it is possible theoretically 
to separate diastereoisomers from one another by making use 
of their different physical properties. In the case of dia™ 
stereoisoraeric liquids fractional distillation appears possi­
ble if a very efficient fractionating column is available; 
for solids fractional crystallisation has been generally 
employed.
Recent developments in chromatographic techniques seem 
to indicate that it is possible to separate diastereoisomers 
by adsorption on solids, and by partition between two phases 
in gas chromatography since diastereoisomers appear to 
possess different partition coefficients also.
Separation of diastereoisomers 
by fractional crystallisation
The difference in solubility of diastereoisomers is 
the foundation of the resolution of compounds containing an 
asymmetric centre. It is due to Pasteur, who invented the 
method about a hundred years, ago, that fractional crystalli­
sation has to-day become the standard procedure, whenever 
possible, of separating diastereoisomers. Taking the example 
of a compound A having one asymmetric centre : the preparation
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of diastereoisomers of A is effected by combination of the 
racemic A with a suitable optically active compound B which 
is readily available; if A is an acid, then 3 is any of the 
natural alkaloids; if A is a base, then B is an optically 
active acid. Thus,
(i)-.
(+)~A(-)-B and (-)-A(-)-B are diastereoisomers and 
may have different solubility in a particular solvent, hence 
fractional crystallisation of the mixture of the two will 
eventually give either pure (+)-A(-)-B or pure (~)-A(-)-B, 
depending on whether the former or the latter is least solubl< 
in the solvent used*
For the case of a compound having more than one asym­
metric centre, the diastereoisomers are, in general, already 
present in the racemic mixture *
e.g. b d b
(I)
a
(II)
a
a-
(III) b
— a a-
(IV) b
.a
In this case there are two diastereoisomeric raceraates :
(I)(IV) and (II)(III), and separation of these diastereo­
isomeric racemates only is possible, since (l) and (IV) are
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enantiomorphs and have identical physical properties; 
similarly, (II) and (III) are enantiomorphs.
Supposing abcC-Cdea is prepared from a 100% optically 
active form of, say, accC-Cdea, then only two diastereoisomers 
are formed :
(+) (+) (+) (-) (+)
(V) (VI) (VII)
(VI) and (VII) are diastereoisomers and, generally, 
have different physical characteristics; they can be frac­
tionally crystallised to pure (VI) or pure (VII) if they are
CLYliy
solids; i if they are liquids ( see later ) and if of
the b, c, d, e groups is a functional group, then a solid 
derivative can be prepared and fractionally crystallised 
leading to pure (VI) or (VII).
Separation of diastereoisomers■ ■ J‘ ■- - ■ -   i..   - -   - i - -- i
by fractionaJ. distillation
It is possible theoretically to separate diastereo-
!
isomers by fractional distillation, and many attempts have 
been made to effect this with the most efficient fractionating 
column available. For example, Bailey and Hass ( J.A.C.S.,. 
19^1, 63, 1969 ) have reported the partial resolution of
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dissymmetric alcohols and acids by converting these, into
volatile esters with appropriate optically active acids and
alcohols, respectively, and then fractionally distilling the
diastereoisomers prepared with a very efficient fractionating
column. In all cases a partial resolution occurred, and in
particular, they claimed to have obtained 85% d-2-butanol from
a single distillation, using a 6G-piate column, of the diaste-
/ + \reoisoraeric esters prepared by treating (-)-2-butanol with 
d-2-propionoxypropanoic acid.
Separation of diastereoisomers 
by chromatographic methods
Since the discovery by Tswett ( for references, see 
Lederer and Lederer, Chromatography, 1957 ) that coloured 
pigments could be separated by filtering their solutions 
through a column of a finely powdered adsorbent, and then 
M developing ,? the column with a suitable solvent, chromato­
graphy has become a very useful method in analytical chemistry.
Many substances which are normally found to be difficult 
to separate from one another often possess different charac­
teristics with respect to an adsorbent': one compound may.be 
adsorbed on the adsorbent more strongly than the others. Hence 
by eluting the chromatographic column the less strongly adsor­
bed substance will be carried down and eventually be separated
completely from a complex mixture.
Many naturally-occurring substances, which are normally 
difficult to separate, are separated readily on a chromato­
graphic column. . It therefore seems probable that a mixture 
of diastereoi&omers would be separable, and Polonsky and 
Lederer ( Bull. Soc. Cliim. , 1954, 504 ) have successfully 
separated the diastereoisomeric corynomycolic acids by 
chromatographic adsorption on alumina :
CEL (CH-)_i-CE(OH)-CH-COOH 3 2 |
C _ i H- 14 29
Prelog, Prenkiel and Szpilfogel ( Helv, Cliim. Acta,
1946, 29, 484 ) and Prelog and Geyer ( ibid.,' 194-5 » 28, 576 )
have also succeeded in separating the diastereoisomers of\
a-[(2-hydroxycyclohexyl)methyl]-piperidine ( having melting 
points at 85° and 142° ) on alumina; the benzoyl derivatives 
of the diastereoisomers of cycloheptano-2:3-pyrrolidine 
( having melting points at 107-108.5°, and 71-73° ) were also 
separated, using alumina as adsorbent :
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Coleman and McCloskey ( J.A.C.S., 19^3* _6_5, 1588 ) have ; 
described the separation of diastereoisoraeric sugars by chro­
matographic adsorption on silica gel of their highly coloured 
p-phenylazobenzoate derivatives % For example, the a- and j3- 
forms of D-galactose were converted into their p-phenylazo- | 
benzoates-; a mixture of these derivatives was made, dissolved 
in a minimum volume of chloroform containing 0 .2% ethanol, 
and the resultant solution was passed down a column of silica 
gel. On eluting the column with chloroform containing 5-10% 
ethanol they observed two coloured bands : an intensely colou­
red top band which gave the p-D-galactose derivative of 91% 
purity, and a lower broader less intensely coloured band giving' 
the a-D-galactose derivative of 99% purity :
CHAOH CKL QAz
HO AzOAzCl
OAzyridine OAz
OH OAz
HO AzO OAzOH AzCl
OH pyridin
OH OAz
-phenylazobenzoyl-Az
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In the same manner as above Coleman and his co-workers 
( J.A.C.S., 1945* 67, 361 ) successfully separated all the a-
and (3-forms of the p-phenylazobenzoates of four methyl tri- 
methyl-D-glucopyranosides from their mixtures. For example, 
methyl 2-p-phenylazofoenzoyl-3:4:6-frimethyl-D glucoside was 
adsorbed on silica gel, and the column was eluted with benzene i 
containing 0.1% ethyl alcohol to give two distinct hands 
which yielded the a-form, deep red irregular masses having j
153°, and the (3-form, pink plates having [a]?^g 67°.
The possibility of separation of diastereoisomers by Vapour [
Phase Chromatography.
The conventional method of dealing with the separation '
' Iof volatile liquid mixtures is fractional distillation. It 5
•reaches a limit in practice because fractionating columns of 
very high efficiencies are difficult to make, the best columns 
have only about 200 theoretical plates.
It is in this connection that gas-liquid partition 
chromatography proves useful. Instead of the normal fractional 
distillation, there is here a carrier distillation: the
mixture to be separated is injected into a stream of an inert 
gas which is made to circulate through a column containing an 
inert non volatile liquid which is deposited on a finely 
powdered solid support 5 as the carrier gas passes over the
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packing of the column separation of the components occurs- 
the more volatile 'component remains in the gas and the less 
volatile on the liquid. In this way the column acts as a 
very efficient fractionating column having a very high 
theoretical plate value, about 1,000 if the column is about 
4 feet long.
James and Martin ( Analyst, 1952, 7_Z, 915 ) have 
described a separation by gas-liquid chromatography of a 
series of fatty acids at 100°, using a 4-foot column packed 
with DC 550 silicone containing 10% w/w of stearic acid as 
the stationary phase and nitrogen as the carrier gas.
Such a success holds great promise. If a chromato­
graphic column having a high enough theoretical plate value 
is available, the separation of diastereoisomers might be 
achieved; low-capacity columns would serve as an analyser, 
and high-capacity ones would be needed to provide workable 
quantities for measurements of rotations.
Ah attempt to separate diastereoisorners from their 
mixtures has in fact been reported by Komers, Kochloefl and 
Bazant ( Chem. and Ind., 1958> 1405 ). These authors described 
a successful separation of a number of cis- and trans-methyl- 
cyclohexanols by gas-liquid partition chromatography. By the 
use of glycerol or erythritol on Celite 545 as the stationary 
phase, which was capable of hydrogen bonding formation, and-
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nitrogen as the carrier gas, they were able to separate the 
cis- and trans-stereoisomers of 2-methyl-, 3-^etliyl- and 
4-methylcycloliexanol from their mixtures. The cis- and trans- 
stereoisomers of each of these compounds were in fact diaste- 
reoisosiers. For instance,
did not .interfere with the separation, because their retention 
volumes were much lower than those of the alcohols. Further 
application of the method was considered most promising.
2 2
cis -2-methylcyclohexa.nol t r ans - 2-me thy Icy cl ohexa.no 1
They also pointed out that the corresponding ketones
THE ELIMINATION OF AN ASYMMETRIC CENTRE
a v. *
OF THE TYPE
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THE ELIMINATION OF AN ASYMMETRIC CENTRE
a  ^ H
OF THE TYPE
b ^  OH
*
The asymmetric centre abCH(OH) can be made symmetrical 
by 2 methods :
(i) oxidation of the secondary alcohol grouping to a 
carbonyl group, and
(ii) replacement of the hydroxyl group by hydrogen via 
the foromo-compound•
Oxidation of for CK{ OH) to - 0
Secondary alcohols are generally oxidised to corres­
ponding ketones by potassium dichrornate in dilute sulphuric 
acid, for example :
CH_-(CKn) -CH(OH)CK_  ------ > C H - (CH) -CO-CH3 2 5 3 3 2 5  3
2-octanol methyl n-hexyl ketone
/  \* / ” ’ 3 r / \  / ^
H_C CH--- ,clin H_C CO CH„3 j 2 3 2
OK
1-menthol 1-menthone
Sodium dichromate is sometimes used as the oxidising 
agent, for example:1 dihydrocholesterol has been oxidised to 
cholestanone by sodium dichromate in a mixture of glacial. 
acetic acid, concentrated sulphuric acid and water ( Org. Syn.,
-CH
H*Cv3 \ /^  CH-CI-I
CHfr-2
CH-CH.
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Coll. Vol. 2, p. 139 ) :
17
dihydrocholester61 cholestaaone
Oxidation by chromic anhydride in glacial acetic acid 
has also been reported. Arcus and Smyth ( J.C.S., 1955 » 34 ) 
used this oxidising agent to convert 3“'&thyl->heptan“2-ol 
into 3"e'thyl-heptan-2-one in 80% yield :
h c -c h (o h )-c h (c 2h5)-c ^h 9 h 3c -c o -c k (c 2h5)-c ^h 9
Other oxidising agents have also been used. For example,
*
the oxidation of mandelic acid [ Ph-CH(OH)-COQH ] to benzoyl
formic acid [ Ph-CO-COOH ] by alkaline potassium permanganate
( Qrg.Syn., Coll. Vol. 1, p.244 ), and the oxidation of benzoin 
♦
[ Ph-CH(OH)-CO~Ph ] to benzil [ Fh-CO-CQ-Ph ] by copper sulphate 
in pyridine ( ibid., p. 8? )•
N-bromosuccinisiide has been used to perform selective 
oxidation of certain sterols. The two examples described 
below have been reported : Fieser and Rajagopalan ( J.A.C.S., 
1949» 71.1 3935 ) used N-bromosuccinitnide in preference to other 
oxidising agents for converting cholic acid into desoxycholic 
acid '.in better yield ( 68% ) than previously obtained by other 
workers :
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HO OH
HO
Selective oxidation by N-bromosuccinimide has again 
been observed in the conversion of 20-cyano-3o-:21-dihydroxy- 
17~pregnen-ll-one into 20-cyano-21-hydroxy~17-pregnen< ~3:H~ 
dione in 96.5% yield (Jones and Kocher, J.A.C.S*, 1954, 76, 
3682 ) :
CK,,OH
Replacement of the hydroxyl group by hydrogen via the bromo- 
compound.
*
The asymmetric centre in abCK(OH) can also be converted 
into a symmetrical methylene compound, abCH^» by first prepa­
ring the bromo-derivative of the alcohol, and then either
(a) by a reduction with lithium aluminium hydride of the bromo- 
compound, or (b) by a preparation of the alkylmagnesium bromide 
followed by hydrolysis of the latter, converting into the
methylene compound : 
a
(a)
H
-OH
PBr3
Br
LiAlHi.ft •
.H
•H
Replacement by bromine in secondary alcohols can gene­
rally be performed by treating the alcohols with a mixture of 
red phosphorus and bromine. For example, sec-butyl alcohol is
converted into 2-bromobutane in 85% yield by this method
( Org. Syn., Coll. Vol. 1, p.38 ). Phosphorus tribromide is 
also used for replacement in secondary alcohols. Chi Ming
Hsueh and Marvel ( J.A.C.S., 1928, 50, 855 ) have reported the
conversion of (+)- and (-)-2-octanol into (-)-, (-)- and
(+)-2-bromooctane, respectively, by the use of phosphorus tribr
■ / 4- smide. The yields were high : 50% with the (~)-alcohol and 
80% with the optically active alcohols.
The percentage of inversion or retention in the replace­
ment of the hydroxyl group by bromine is immaterial here, as 
the bromo-compound is to be rendered symmetrical at the origi­
nal asymmetric centre.
When the broaio-cofflpound .is available, it can be conver­
ted into the methylene compound by 2 methods :
(i) reduction by lithium aluminium hydride•
Lithium aluminium hydride is an excellent reducing agent 
( Finholt, Bond and Schlesinger, J.A.C.S., 19^7» 69% 1199, 
Nystrom and Brown, ibid., 19^7* 6,9% 25^8 ) for many types—of
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organic compounds. Normally reduction with this reagent is 
carried out in diethyl ether at reflux temperature. At this 
temperature alkyl halides are reduced slowly; faster reduction 
can be achieved in tetrahydrofuran which has a higher reflux 
temperature than diethyl ether. Reduction has also been acce- 
lerated by the use of a mixture^lithium hydride and lithium 
aluminium hydride. Johnson, Blizzard and Carhart ( J.A.C.S., 
1948, 70, 3664 ) have reported a successful conversion of
1-bromooctane into n-octane in 96% yield by using a mixture 
containing lithium hydride ( 1.5 mole ) and lithium aluminium 
hydride ( 0.13 mole ) per mole of bromooctane; the reduction 
was carried out in tetrahydrofuran: ,
CH3-(CK2 )6-CH2Br  LlH/LiAlH^ ^ CI^-(CHg ) g-Ci^
(xi) preparation of the alkylmagnesium bromide and subsequent 
decomposition of this withacid•
The Grignard reagent RMgX is decomposed with acid to 
give RK. For instance, the conversion of 2-bromopentane into 
n-pentane by this method has been reported ( Org. Syn., Coll. 
Vol. 2, p.4?8 ) as follows :
CHj- (CK2 ) g-CHBr-CHj .,ri5 Bu29 ^ CII.^ - (Ch 2) 2 -CH (MgBr) CH
2 CH,-(CH2)2-CH(MgBr)-CH + HgSO^ ..... 2 CH3-(CH?) .-CH. (50-53%)
MgBr^ + MgSO^ hi'
49
Grummitt and Buck ( J.A.C.S., 1943, 65, 295 ) have
reported the following synthesis of 1-methylnaphthalene:
1-chloromethylnaphthalene was prepared from naphthalene, 
paraformaldehyde, and a mixture of concentrated hydrochloric 
acid, glacial acetic acid and 85% phosphoric acid; the 1-chloro- 
methylnaphthalene was converted into the Grignard reagent which 
was then decomposed with ammonium chloride to give 1-methyl- 
naphthalene in 80% yield :
[Cl/HO Ac
CH . * ■
CHgMgCl
NH, Cl
(80%)
G E N E R A L  D I S C U S S I O N
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The present day view of the mechanism and stereochemi­
cal course of catalytic hydrogenation is that initial adsorp­
tion of an olefinic compound on the surface of the catalyst 
occurs, followed by cdjs-addition of hydrogen to the double bond. 
A variety of methods have been used in the study of this subject, 
but optical activity, which has been widely employed to inves­
tigate the mechanism of homogeneous processes, has been applied 
in only a few cases to study heterogeneous processes such as 
catalytic hydrogenation.
The use of optical activity in the study of catalytic 
hydrogenation has been reported by Vavon ( Bull. Soc. Chim.,
1931, [4], 49, 9$5 ) used a-pinene as a reference compound
in the determination of the effects of the substituents around 
a double bond on the rate of hydrogenation, and by Vavon and 
Jakubowicz (ibid., 1933> 53» 1111 ) who achieved asymmetric 
syntheses by catalytic hydrogenation of optically active esters 
of trans-ft-methylcinnamic acid. More recent results have been 
reported by Arcus and Smyth ( J.C.S., 1955, 3^ ) who described 
a successful asymmetric synthesis by the catalytic hydrogena­
tion of optically active 3“ethyl-hept-3-en-2-ol, followed by 
oxidation of the resultant 3-ethyl-heptan-2-ol, in which there 
was a new centre of asymmetry at C^, to optically active
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3-ethyl-heptan-2-one• For example,
* t| /M-j * *
( - ) -CH„-CH( OH) -C(Et) =CH-Pr (- ) -CH--CH( OH) -CH(Et ) -Bu
s'
CrO_/glacial acetic acid
CII„-CO-CE(Et) -Bu 
J?
The residual optical activity observed in the saturated 
ketone must have been due to the new asymmetric centre at 
generated by hydrogenation * . Arcus and Smyth concluded that 
the asymmetric centre at C0 controlled the mode of adsorption
Cui
of the unsaturated molecule on the catalyst surface, and that 
it was this asymmetric adsorption that led to an asymmetric 
synthesis,
Bie Me Me
H C —  OH ^ H  — C — OH .S ^ H C---- OH
Et— C  H 1- I e-~~£t  H-- C---Et| h. H // * j
Bu H-- C Bu
(II)\ Pr /  (III)
(I)
Me
I 1
CO CO
I I
Et— -C H H  C--- Et
i !
Bu Bu
(IV) (V)
because, if this were not the case, then adsorption of (I)
could occur at either side of the double bond ( above or below
the plane of the paper )'in equal amounts, leading to the
ketones (IV) and (V) in equal proportions, and hence an
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asymmetric synthesis could not occur.
Furthermore, Arcus and Smyth suggested that adsorption 
of the unsaturated molecule most probably occurred by inter­
action of the J[* -electrons of the double bond, and the lone 
pair of the oxygen atom, with the nickel surface. By the use 
of Catalin models they demonstrated that the. unsa curated 
molecule was adsorbed in a flat conformation (see p.33> >
In the present investigation two unsaturated secondary 
alcohols containing a centre of asymmetry, 1:2-dimethylcinna- 
myl alcohol and 1-(a-furyl)ethanol, have been subjected to 
treatment similar to that described by Arcus and Smyth 
(loc.cit.). The programme of the work was laid out as follows*
HC1(1) C^H^CHO + CH^-CHg-CO-CK^
|-if
C6H5-CH2-CH(CH3 ) -CIi( OH) -CH3 ---
(III).
-> C6H5-CH=C(CH5)-CO-CH
(I)'
N/
Ai-isopropoxide; 
resolution
CrO-/glacial 
acetic acid
hFL~CH=C(CH_)-CH(OH)-CH o p  p
(II)
optically active
C6H5-CK2-CH(CH3)-CO-CH3
(IV)
C,H_-CK„-CH(CH_)-CHBr-CH,
O p 2  p p
(V)
LiH/LiAlH^
C6H -CH2-CE(CH )-CH(MgBr )-CH3 ■ ---> CgH^-CH^-CHfCK^-CHg-CH, 
(VI) (VII) ::
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2-Methyl-l~phenyl-fout-l-en-3-one (I) was prepared by 
condensing foenzaldehyde with ethy^methyl ketone in the presence 
of dry hydrogen chloride; it was reduced by aluminium isopro- 
poxide to (-)-1 :2-dimethylcinnarayl alcohol (II) which was then 
resolved; optically active (II) was hydrogenated over nickel 
catalyst to 2-methyl-l-phenylbutan-3-ol (III); (III) was oxidi­
sed by chromic anhydride in glacial acetic acid to 2-methyl-
1-phenyIbutan-3-one (IV); (III) was also converted into
2-benzylbutane (VII) by reduction of the bromide (V) with 
lithium hydride and lithium aluminium hydride, and by the 
conversion into the alkylmagnesium bromide (VI), followed by 
reaction with ammonium chloride.
(2) CH-
CH
^ 0'
CH
I
X
CH3MgBr
^ C H O
same treatment as in (1)
CH
I
CH
CH
Nc
(x)
CH( OH) -CH,
then resolution
H2/Ni
CH
<Lk
•CH,
-O’
(II)
CH( OH) -CH,
(_)-I-(a-furyl)ethanol (I) was prepared by interaction
{
of furfuraldehyde and methylmagnesium bromide; it was intended 
that (I) should be resolved, and hydrogenated to l-(a-tetra- 
hydrofuryl)ethanol (II) which was subsequently to foe subjected 
to the same treatment as in (1), Owing to difficulties in
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removing the original centre of asymmetry, investigation was not 
in fact extended to the optically active'1-(a-furyl)ethanol.
The following discussion is divided into two sections : 
the first section concerning the work on 1;2-dimethylcirmamyl 
alcohol and the second on 1-(a-furyl)ethanol.
First Section
2-MGthyl-l-phenyl~but-l~en-3-Qne ($-Benzylidene ethyl:methyl
ketone ).
The condensation of berizaldehyde with ethyl methyl 
ketone in alkaline medium gives only a-beazylidene ethyl methyl 
ketone, whereas in the presence, of dry hydrogen chloride only 
the 5-isomer is formed ( Harries and Muller, 3er., 1902,35,966):
C/-Hr CHO + CH--C0o j y
acid CR=C(C )_co
b 5 3 5
-isomer
Both isomers melt at the same temperature ( 33°) and a 
mixture,of the two is a liquid at room temperature; the a- 
isomer has an oxime, m.p. 85-36°, and phenylhydrazone, m.p.101° 
the $-isomer has an oxime, m.p, 103-104°, arid phenylhydrazone, 
m.p. 105°( Earries and Muller, loc, cit,). "
alkali -CH=CH-CO-CHrt-CK2
a-isomer
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The preparation of 5•“benzylidene ethyl methyl ketone was 
carried out, exactly as described by these authors; the crude 
pale yellow solid obtained was purified carefully both by 
recrystallisation from light petroleum and by the "advancing- 
front cooling” method ( see Experimental, p. 92 ). The pure 
compound was a white solid ( long needles from light petroleum) 
and had a melting point of 36.25° determined by plotting its 
cooling curve.
Geometrical configuration of 2-methyl-l-phemyl-but-l-en-3-one
Stoermer and Wehln ( Ber., 1902, 35,, 3552 ) have repor­
ted the oxidation of 2-methyl-l-phenyl-but-l-en-3-one ( pre­
pared by the method of Harries and Muller, loc. cii.) with
o
sodium hypochlorite to a-methylcinnamic acid having m.p. •
The stable form of a-snethylcinn'amic acid is the trans- 
form { Stoermer and Voht, Ann., 1915, 409, 49-53 ) which is 
dimorphous, one form melting at 8l-<32° and another at 73-74°; 
a mixture of the two forms melts at 78°• Both forms dissolve 
completely in concentrated sulphuric acid, and are re-precipi­
tated by dilution with water.
Alio-a-methylcinnamic acid can be prepared from the
!
trans-isomer only by irradiation of the latter with ultra­
violet light for 3 weeks ( Stoermer and Voht, loc. cit,); it 
changes .into the stable form on standing and by refluxing with
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20% hydrochloric acid for 5 hours; it has m.p. 91-92°, and
oin concentrated sulphuric acid at -2 it forms a-methyI— - 
indone :
K CH
C00H
+ ri.
CH,
The allo-acid is thus the cis-isomer.
From the above evidence, the a-methylcinnamic acid 
obtained by Stoermer and Wehln ( loc. cit.), by oxidation of 
the ketone with sodium hypochlorite, must be the trans-isomer. 
Hence, 2-methyl-1-pheny1-but-1-en-3-one prepared according to 
Harries and Muller is assigned the trans-configuration.
Reduction of the carbonyl group in 2-methyl-l-phenyl- 
but-l-en-3-one with aluminium isopropoxide would not be expec-
4.
ted to alter the trans-configuration, and the (-)-1:2-dimethyl' 
cinnamyl alcohol obtained, which behaves as a single entity, 
is assigned this configuration :
CrK_ CH_
6 5 / 3V  /
\ C = C
H
*6n5
CO-CK,
CH,
^c=-c
Ei^ sCH(0H)-CH3
(-)-1:2-Dimethylcinnamyl 
alcohol.
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The Resolution of (-)-1:2-Dimethylcinnamyl alcohol
4.
Several preparations of (-)-1:2-dimethylcinnamyl hydro­
gen phthalate have been carried out by heating together equi- 
molecular proportions of (i)-1 :2-dimethylcinnamyl alcohol and 
phthalic anhydride with a slight excess of pyridine on a steam 
bath with occasional shaking for 3 hours. On decomposition of 
the pyridine complex with ice-cold dilute hydrochloric acid 
the hydrogen phthalate separated as a yellow oil which could 
not be induced to solidify at this stage. However, the oil 
obtained by extraction with sodium bicarbonate and acidifica­
tion of the extract with hydrochloric acid solidified into a 
pale yellow solid; it had equivalent weight 337*5, the theore­
tical value being 310.3*
From experience gained with this and subsequent speci­
mens of the hydrogen phthalate, the following points were 
found to be relevant :
(i) all specimens had an equivalent weight in excess of 
the theoretical. It is possible that the acid ester forms a 
hydrate, For calculation of the quantity of brucine required 
for the salt, the equivalent determined by titration was used.
(ii) Chloroform containing 1% ethyl alcohol as stabiliser 
was necessary for use in the determination of rotations, traces 
of phosgene, which accumulates in unstabilised chloroform,
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caused separation of pb.thalic acid, presumably by promotion 
of alkyl-oxygen, fission.
(iii) Traces of ether were removed from specimens of the 
hydrogen phthalate to be used for'rotation measurements by 
pumping at 40° : 5 minutes at ^ 15mm, 15 minutes at ^ lrsm, 
bubbling ceasing after about 2 minutes at 1mm, The hydrogen 
phthalate formed a colourless oil. This standard procedure 
permitted comparison of the specific rotations of specimens of 
the hydrogen phthalate with one another.,
(iv) More drastic drying - ©rsolvent-removing conditions- 
than those described are not practicable because heating at 
higher temperatures results in formation of phthalic acid, 
presumably by alkyl-oxygen fission of the ester.
Three resolutions have been attempted.
Resolution 1.
.The first attempted resolution led to partially-active 
(-)-1 :2-dimethylcinnamyl alcohol having the characteristics 
given in TABLE 1.
The.general procedure learned in this resolution was 
adopted for later resolutions.
Resolution 2.
An acetone solution of (-)-1:2-dimethylcinnamyl' hydrogen
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phthalate was heated under reflux with an equiraolecular pro­
portion of anhydrous brucine until a homogeneous solution was 
obtained* The brucine salt which separated on cooling was 
systematically recrystallised 11 times from acetone to the 
optically pure state; it then gave'(+)-1:2-dimethylcinnamyl
O ET q
hydrogen phthalate, a colourless oil, having [a]^ +52.65
( 1, 2; c, 1.862 ) in stabilised chloroform. Hydrolysis of 
the (+)-hydrogen phthalate by ethanolic potassium hydroxide 
yielded (-)-1:2-dimethylcinnamyl alcohol having the characte­
ristics given in TABLE 1. '
Resolution 3»
In this resolution the preparation of the brucine salt 
was carried out as above, but the salt was systematically re­
crystallised from a slight excess of acetone. After only 6, 
instead of 11, recrystallisations there was obtained, on decom­
position of the brucine salt, (+)-1:2-dimethylcinnamyl hydro** 
gen phthalate having [a]^ +53*19° ( 1, 1; c, 3*065 ) in sta­
bilised chloroform. Hydrolysis of this hydrogen phthalate 
with ethanolic caustic potash gave (-)-1:2-dimethylcinnamyl
alcohol having the characteristics given in TABLE 1.
!
A portion of the (-)-alcohol from resolution 3 was
re-converted into its hydrogen phthalate which, after having
2 5 obeen pumped for 3 hours at 0.9ram, had Ca3rj +56.85 (1, .1 ;
c, 8,582 ) in stabilised chloroform. This value is somewhat
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higher than that of the original hydrogen phthalate. The re­
conversion specimen, however, was "pumped" for a period much 
longer than the standard time and was probably more free of 
solvent and/or water. The value indicates that very little, 
if any, alkyl-oxygen fission had occurred during the hydroly­
sis of the (+)-hydrogen phthalate.
Since the hydrogen phthalate is an oil, it was thought
I
that the conversion of the (-)-alcohol into its H-a-naphthyl- 
carbamate and the determination of the rotations of this deri­
vative, as freshly prepared, and when pure, would be more 
helpful in determining the optical purity of the (-)-alcohol• 
Unfortunately, recrystallisation of this derivative from
light petroleum did not effectively separate the (+)- from 
/ + \the (-)-N-a-naphthylcarbam&te :
A portion of the (-)-alcohol from resolution 1 was
converted into the (+)-1:2-dimethylcinnamyl N-a-naphthylcar-
24
bamate which had initi ally m.p. 95-99°, Ca3D +29.1° ( 1* 2 ; 
c, 0.9435 ) in stabilised chloroform, and finally, after 9 
recrystallisations from light petroleum ( b.p. 100-120° ), 
m.p. 101-102° and [a]p5+34.0° ( 1, 2 ; c, 0.4210 ).
i
A portion of the (-)-alcohol from resolution 2 yielded 
(+)-1:2-dimethylcinnamyl N-a-naphthylcarbamate which initially s 
had m.p. 109.5-111°, [a]^5+45.6° ( 1, 1; c, 1.184 ), and, 
aftar 2 recrystallisations from light petroleum ( b.p. 100-120 i
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had m.p. 111° and [a3^ + 48.5° ( 1» 1; c, 0.515 ).
The fact of completeness of resolution is attested by 
two sets of data :
(a) The constancy of specific rotation of the hydrogen 
phthalate obtained by decomposition of portions of the most 
highly recrystallised crops of brucine salt in each resolution,
( Refer to resolutions 2 and 3» Experimental, pp. 12-0 - 124-)
(b) The characteristics of the specimens of {-)-1:2- 
dimethylcinnamyl alcohol obtained from resolutions 2 and 3i i;j!
i'
which are grouped ( together with the values from resolution 1) j; 
in TABLE 1. It is seen that the rotatory powers were nearly j:
identical, j
I
+ \Catalytic hydrogenation of (~)-I:2-dimethylcinnamyl alcohol. j
(-)-1:2-Dimethylcinnamyl alcohol, in solution in 9&% j
ethyl alcohol, was hydrogenated, at room temperature ( 18.5°) ;
and under an initial pressure of 80 atmospheres, in the presence 
of Raney nickel ¥-3 catalyst( prepared according to the method f 
described by Pavlic and Adkins, J.A.C.S., 1946, 68, 1471 )• 
Hydrogenation occurred readily under these conditions to give
1 i
(-)-2-raethyl-l-phenylbutan-3-ol, in 94% yield ( based on the
25
crude product ), having b.p. 116.5 /1.3®®, 1#5138 ( Coloage
and Pichat, Bull. Soc. Chim., 1949i 177» record b.p. 124C>/llmm, 
in
1.5190.).
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The hydrogenation of (-)~1:2-dimethylcinnamyl alcohol 
could theoretically produce 4 diastereoisoraeric forms of
2-rciethyl-l-phenylfoutan-3-ol ’
* H /Hi, * *
-CH=C ( CH_ ) -CK(OH) ~CH_ —   >  C^H„-CE ~CH(CEL ) -CH( OH) ~CHo 5 3 3 ^ o 5 2 3 3
( + ) ( + ) • • . . (i)
(-) (+). • . (ii)
(+) (iii)
(-)"■■.. ..(iv)
which comprise two pairs of diastereoisomeric racemates :
(i)(iv) and (ii)(iii). These diastereoisomeric racemates 
could, in principle, be separated by fractional distillation, 
but probably no column exists which has a sufficient number 
of theoretical plates. However, the equivalent of some 2,000 
theoretical plates is provided by vapour phase chromatography, 
and this method has been.applied to analyse the hydrogenated 
product. In addition, the N-a-naphthylcarbamate has been 
prepared and systematically recrystallised;
u|,  ^
Vapour phase chromatography of (-)-2-methyl-l-phenylbutan-3-ol*
The vapour phase chromatography was very kindly carried . 
out for us by Dr. Haresnape and Mr. Swanton of the British 
Petroleum Research Centre, Sunbury-on-Thames•
The (i)-2 -methyl-l-phenylbutan-3-ol was injected into 
a stream of argon carried through a glass column ( 120cm x 
0.4cm internal diameter ) packed with 20% tritolyl phosphate
- 6 4 -
on 100-12,0 mesh Celite 545, at 150°C. The chromatogram ( see 
Experimental, p 103) indicated that 2 components were present 
in the ratio 2.08 to 1.
(1)-3-Methyl-4-phenylbutyl-2-N-a-naphthylcarbamate.
(-)-2-Methyl-l-phenylbutan-3-ol, in solution in light 
petroleum ( b.p. 100-120°), was heated under reflux at 115-120° 
for 2 hours with a 10% excess of a-naphthyl isocyanate; it
yielded (-)-3-methyl-4-phenylbutyl-2-N-a-naphthylcarbamate,
in 79% yield, which after having been recrystallised 5 times
• ofrom light petroleum ( b.p. 100-120 ) had a constant melting
point of 73.3-74.5°. The weight of the carbamate having this 
melting point was 30.3% of the weight of the derivative as 
prepared.
It is concluded from the vapour phase chromatogram that
/ + \the (-)-2-methyl~l-phenylbutan~3-ol obtained from the catalytic 
hydrogenation of (£)-1:2~dimethylcinnamyl alcohol was a mixture 
of 2 diastereoisomeric racemates, one being present in greater 
amount•
With respect to the recrystallisation of the N-a-naph- 
thylcarbamate, the question of which diastereoisomeric racemate 
was ultimately obtained pure depends on two factors : the 
relation of the solubilities of the two, and on their relative 
amount in the mixture as prepared. Clearly, if one is much
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less soluble it would tend to be isolated, but if the diffe­
rence in solubility is small, then it is possible for the one 
present in greater amount to separate preferentially even if 
it is somewhat the more soluble, because saturation of their 
common solution may first be reached by the more soluble 
diastereoisomer in this instance.
As stated, the experimental findings are that one pure 
diastereoisomeric raceraate was isolated, comprising 50,3% of 
the derivative as it separated from the preparation solution.
/ + \Attempted separation of the diastereoisomers of (-)-2-methyl- 
l-phenylbutan-3-ol via the p-phenylazobenzoates•
j
(-)-3“Methyl-4“phenyibutyl-2-p~phenylazobenzoate was 
prepared by the method of Coleman et al.( J.A.C.S., 19^5? 67» 
381 ) from (i)-2-methyl-i-phenylbutan-3-ol and p-phenylazo- 
benzoyl chloride in the presence of dry pyridine. The ester 
was an oil and had a deep red colour.
A chloroform solution of the red ester was passed down 
a column packed with alumina. The column was developed with 
"Analar" benzene containing 1% absolute ethyl alcohol, and 
2 bands were eluted., Evaporation of the eluates yielded two 
coloured oils which did not solidify by scratching and long 
keeping. The characterisation of these oils was abandoned.
Although the experiment did not proceed to completion,
- 6 6  -
it nevertheless indicated that had the oils been solids and 
their identification effected, it would have been possible to 
separate the diastereoisomers of 2-methyl-l-phenylbutan-3-ol.
As only two fractions were obtained in the experiment on the 
racemic compound, it appeaired that the diastereoisomeric 
racemates had.been separated*
Similar results were observed in another experiment in 
which silica gel was used as the chromatographic adsorbent.
Elimination of the asymmetric centre at in (-)-2—methy1-
l-phenylbutan-3-ol»
The e 1 isi ination of the asymmetric centre at in the 
(-)-alcohol was carried out by two methods :
(i) Oxidation to ( - )-2-methyl-l-phenylbutan-3-one .
(ii) Preparation of the (-)-3-broino~2~methyl-l-phenyl- 
butane and subsquezit conversion of this compound into (~)-2- 
benzylbutane.
(i) Oxidation of (-)-2-methyl-l-phenylbutan~3-ol•
The method used was based on that of Arcus and Smyth 
( 1955» 3^ ) who oxidised (-)-3-ethylheptan-2-ol to
(i)-3-ethylheptan~2~one in 869b yield by using chromic anhydride 
in glacial acetic acid.
(i)-2-Methyl-l-phenylbutan-3-c>l, in solution in glacial
- 67 - |
acetic acid, was oxidised with a. suspension of powdered ;J
chromic anhydride in glacial acetic acid at 8-0°, and yielded \)
4* '(-)-2-methyl-l-phenylbutan-3-one, in 65% yield, having 
b.p. 72-73.5°/0.5 mm, njpl.504l and n^l.5066 ( Colonge andU U
Pichat, Bull. Soc. Chira., 1949* 177* record b.p. 106°/9mm and
l8 |:
1.5065; Harries and Muller, Ber. , 1902, 3j?, 970, record
b.p. 234°/760mm, b.p. 110~115°/13mm, d200.9751 and n201.50698 ). 
Its semicarbazone had m.p. 115-115#5° ( Colonge and Pichat, 
loc. cit., record m.p. 114°).
-J-
The vapour phase chromatogram of (-)-2-methyl-l-phenyl- ,
f  .
butan-3-one showed one main component ( about 99% ) and another 
( about 1% ) of lower boiling point; this latter component 
was probably a by-product of the oxidation and was not separa­
ble from the main product by distillation• |
I tp
U-
4“ 4* \  ^Conversion of ( - ) -2-ffiethyl~l~phenylbutan-3~ol into ( ~) -*2-benzyl-j j 
butane, j
f
The procedure employed for the conversion of (-)-2-methyl? 
-l-phenylbutan-3-ol into (-)-3-bromo-2-methyl~l-phenylbutane j
was similar to that of Chi Ming Hsueh and Marvel (  J.A.C.S., j
1928, 50, 855 )  who converted ' ( - ) -2-octanol into ( i ) -2-brorao- j
I
octanol in 50% yield by using phosphorus tribromide. j
i
(t)-2-Methyl-l-phenylbutan-3-ol, cooled in an ice/salt |
bath to -6°, was treated with a 50% excess of phosphorus tri- |
- 68
bromide; it yielded ( -) ~3-hrorno-2-methyl-l-phenylbuta:ne , in 
73% yield ( based on the crude product ), having b.p, 93-95°/
0.5mm, n ^ l .5345 .
The conversion of (-)-3-bromo-2-methyl-l-phenylbutane 
/ + \into (-)-2-benzylbutane was carried out by two methods : ,
(a) By reductive cleavage with a mixture of lithium 
hydride and lithium aluminium hydride.
(b) By preparation of the alkylmagnesium bromide followed 
by reaction of this compound with ammonium chloride.
(a) Reductive cleavage of (-)-3-bromo-2-methyl-l-phenylbutane.
The procedure employed was that of Johnson, Blizzart 
and Carhart ( J.A.C.S., 19%S, ?0, 3664 ) who used a mixture of 
lithium hydride and lithium aluminium hydride in tetrahydro- 
furan to convert 1-bromooctane into n-octane in 96% yield.
( t )~3“3romo-2-methyl-l-phcnylbutane, in solution in 
t e t r ally dr o fur an, was allowed to react with a suspension of 
a mixture of lithium hydride ( 30% excess ) and a little 
lithium aluminium hydride in tetrahydrofuran. The complex 
product was hydrolysed with ice-cold dilute sulphuric acid and 
yielded a light colourless liquid having b.p. 92-127'Vl6mra 
( considerable frothing occurred ), 1.5227. liquid was
carefully fractioned and three fractions were collected, which 
had b.p.'s 92-96°/l6mm, 96-102°/l6mm, 102-129°/l6m®, and 
n ^ l . 5116, 1*5133 and 1.5240 respectively; all fractions were
- 69
colourless.
/ + \(-)-2-Benzylbutane has been prepared by Glattfeld and
Cameron ( J.A.C.S., 192?, 49* 1043 ) by the reduction of ethyl-
methylphenyl carbinol with hydrogen iodide and red phosphorus;
they report b.p. 192-193°/715mm. Ipatieff and Schmerling
( J.A.C.S., 1938, 60, 1476 ) record b.p. 194-195°/760mm and 
20
n^ 1*4873; Levene and Rothen ( J. Biol. Chem., 1935? 110, 323) 
record b.p. 194°/760mm, n^l.4875*
D
/ +  VReductive cleavage of (-) ~3~brGmo-2-methyl-l-phenyl~ 
butane by lithium hydride-lithium aluminium hydride mixture 
was not satisfactory, presumably because only incomplete 
reaction had occurred; the boiling range of the product was 
wide and the refractive indices were high in comparison with 
those of the last paragraph. This method is perhaps applicable 
only in the case of primary hromo-compounds, such as the one 
reported by Johnson, Blizzart and Carhart ( loc. cit.).
(b ) Preparation and subsequent decomposition of (-)-2-methyl-"
1-pheny1buty1-3-magnesium bromide.
( i)-.2-Kethyl-l-phenylbutyl-3-®agnesium bromide was 
prepared by adding dropwise with stirring an ethereal solution 
of (t)-3-bromo-2-methyl-l-phenylbutane into a suspension of 
a 3—fold excess of magnesium turnings in ether,,immersed in a 
water bath at 6o°. By employing the procedure described by 
Grummitt and Buck ( J.A.C.S., 1943* 65, 295 )» the resultant
- 70 -
alkylmagnesium bromide was decomposed with an aqueous solution
of ammonium chloride, giving a colourless liquid having 
o 25b.p. 40-?8 / l a n d  n ’1,4967* which was re-distilled givingi)
3 fractions having : b.p,'s 62-71°/l4mm, 71-74°/14mm, 74-76°/
l4mm, and n^l»4944, 1,494?? 1.4958 respectively. All three
fractions contained no halogen, but an analysis gave : C,88,43;
0/
H, 10*25* whereas CppHEpg requires C, 89,12; H, 10,88°.
The experiment was repeated under similar conditions 
except that the reaction was carried out under an atmosphere 
of nitrogen, and the product was dried by refluxing with sodium 
metal. The liquid product had b.p. 84-96°/86mm, n^l.5073?
and when subjected to two further distillations it gave two
o ofractions having b.p.’s 101-103 /43mm, 102-103 /43mm,and
n^l.5027 and 1.5038 respectively. Analysis gave C, 89*95;L)
H, 10,01%; these results would be appropriate for a. dimer :
CH_
I 3
c£h.-ck0-ch-ch-ch,
o 5 2 j 3
C6H5-CH2-CH-CH-CH3 , C22H50 requires C, 89.72 and H,10.27% 
CH^
However, a Rast determination of the molecular weight 
of the liquid hydrocarbon indicated a value of 170-180; the 
monomer has a molecular weight of 148, whereas that of the 
dimer is 294.
Thus the removal of the original asymmetric centre by
- 71 -
replacement of the secondary alcohol by a methylene group did
+ \not lead to a (-)-2-benzylbutane whose characteristics were 
sufficiently satisfactory for reliance to be placed on the 
significance of the rotatory power of the analogous optically 
active compound if it were prepared from (+)-2-methyl-1-phenyl- 
butan-3-ol. Accordingly, the conversion from the optically 
active alcohol was not carried out.
Catalytic hydrogenation of (-)-1:2-dimethylcirunamy1 alcohol.
Hydrogenation of the partially active (-)-1:2-dimethyl- 
cinnamyl alcohol derived from resolution (1) was satisfactcri iy 
carried out, but the subsequent oxidation to the saturated 
ketone was, it is deduced from later experience, incomplete.
The fully active alcohols from resolutions (2) and (3) 
were hydrogenated over Raney nickel W-3 catalyst, and the 
specimens of (+)-2-methyl-l-phenylbutan-3-ol were then oxidised 
to (-)-2-methyl-l-phenylbutan-3-one• The procedures were those 
developed for the (-)-compounds. The properties of the satu­
rated alcohols and ketones are recorded in TABLE 2.
Vapour phase chromatography was carried out under the 
conditions recorded above for the (i)-compounds. At first, 
copies of the areas under the peaks were cut out and weighed, 
but the uniformity of the paper was not reliable. Comparison 
of the areas under the curves was therefore made by counting
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the squares on the original chart.
The stereochemical course of catalytic hydrogenation.
Hydrogenation of (-)-1:2-dimethylcinnamyl alcohol 
yielded (+)-2-methyl-l-phenylbutan--3~ol, the vapour phase 
chromatographic analysis of which showed that two components 
were present in the proportion of 1;5^8 to 1 ( for hydrogena­
tion 2 ) and 1.4l8 to 1 ( for hydrogenation 3 ) which means, 
in this case, that two diastereoisomers were present in 
unequal amounts ■ : Orl _
i «
C/-H -CH=C~CH( OH) -CPI,, o 5 3
(-)
CH.
H2
H
*t * 1
3
C/-H-.-CHprC-CH( OH) -CH ~ CrHc-CH *C-CH( OH) -CH-o 3 2 j t> p 2 | 3
H CH„
(A) (B) ^
either (A) or (B) was in excess. Oxidation of the (+)-satu­
rated alcohol yielded ( -)-2-methyl--l-phenylbutan-3"one :
CHL . ' H
C^H--CHo-C^C0-CH_ CfiH.-CHo-C-C0-CH-
6 5 2 j 3 !
H ' CH.Z
(C) (D)
whether (C) or (D) was in excess in the mixture depended on
whether (A) or (B), respectively, was in excess in the •
- 7 k -
(+)-2-methyl~l-phenylbutan-3-ol.
The optical activity observed in the (-)-2-methy1-1-
phenylbutan-3-one must have been due to the new asymmetric
centre at C„; it must also have been due to the dissymmetric dI
addition of hydrogen to (-)-1:2-dimethylcinnamyl alcohol, and 
dissymmetric addition of hydrogen could have occurred only if 
the original asymmetric centre at G^  in ( —)—1:2-dimethylcin- 
namyl alcohol had had a control on the mode of adsorption of 
the unsaturated molecule,
C6H5 ?6h5 <r6H5
/,\ /N? h 2 f  6  ^ C ~ H — r-> <?h 2
I »/ Vj/ H C ——~ C • i
H3C--C H I 3 | i : H-- C-- CH3
<- OH H H•OH I H-- C---OH
ch3 x w“3 , ch3
(III) \  (I) /  (II)
C6H5 c6h5
?H2 ?H2
H-C C H H-- C---CH„
3 I I 3
CO CO
I I
CH- CH_
3 3 |
(IV) (V)
because, if (I) had been adsorbed equally easily at either [
- I
side of the double bond ( above or below the plane of the paper)
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then hydrogenation would have led to equal proportions of (II) 
and (III); oxidation of the saturated product would have pro-
.j.
duced the ketones (IV) and (V) in equal amounts, i.e. the (-)- 
ketone, and hence no asymmetric synthesis could have occurred.
The results obtained are therefore in accordance with 
those of Arcus and Smyth ( see p. 51 )*
A conformational analysis of the 1:2-dimethylcinnarayl 
alcohol molecule with Catalin models indicates that each enan- 
tiomorph of the alcohol molecule possesses two conformations 
which can foe fitted closely to a plane, for example,
K-
V 5
- c\
‘C—
1/
C
HO
(I)
■CHr PI C-
\
;c— h 
/
\ i 3
(XI)
If the catalyst surface is represented by the plane of 
the paper, and the two conformations above are laid upon it, 
then addition of hydrogen to the double bond from below the
plane of the molecule would produce two enantiomers with
!
respect to C,-,,
- 76 -
H
C6H5~
H3C"
HO' *CH,
H*
H-
HO
6 5 
•c h3
‘CH.
H H
(III)[ from (I) ] (IV)[ from (II) ]
which when oxidised would give two enantiomer,3 of 2-methyl-l 
phenylbutan-3-one :
^6H5
CH„
H3C
6 3
CHrt
H- CH,
CO
I
CK
3
(V)[ from (III) ]
CO
I
CH3
(VI)[ from (IV) ]
If (I) and (II) are adsorbed in equal amounts, then 
no asymmetric synthesis is possible, because (V) and (VI) 
would be produced in equal amounts. Since the hydrogenation 
of (-)-1:2-dimethylcinnamyl alcohol produced, after oxidation 
of the (+)-saturated alcohol, (-)-2-methyl-l-phenylbutan-3-one, 
it must mean that either (I), or (II) was adsorbed in excess of 
the other, hence an asymmetric synthesis resulted.
In the molecule of 1:2-dimethylcinnamyl alcohol the
phenyl group is trans- to the -CK(OB)CH3 group in both of the
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conformations (I) and (II). only difference in (I) and
(II) is the position of the methyl group at with respect 
to the hydroxyl group at C^, and the question arises : is it 
possible to deduce which conformation of the 1:2-dimethyl- 
cinnamyl alcohol molecule, (I) or (II), is adsorbed more 
easily on the catalyst ?
It appears from an examination of Catalin models that
in conformation (I) the two methyl groups at and are 
very near to each other, whereas in conformation (II) the 
methyl group at is wedged between the hydroxyl group at 
and the phenyl group. It is quite probable that conformation
(II) is preferred to conformation (I), because in the latter 
the two methyl groups are near to each other,and repulsion 
between the two groups may occur; in conformation (II), however, 
the methyl group at is adjacent to the hydroxyl group, and,
since the oxygen atom has a lone-pair of electrons available,
hydrogen bonding between the oxygen atom and a hydrogen atom 
of the methyl group at Cg may take place; thus,
/
H“ C\
HO'
(I) sterically unfavourable
! # h 3 \
-H
/
H ,C
€H,
HO H
(II) favoured
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Several other conformations are indeed possible, but 
they are such that the alcohol molecule does not conform to 
a plane and their adsorption on the catalyst surface appears 
difficult.
The conclusion is therefore reached : both conformations
(I) and (II) conform nearer to a plane than do others; confor­
mation (II) is preferred to conformation (I), because of 
steric hindrance between the methyl groups in the latter.
If the above argument is correct, then hydrogenation
f \of the (-)-1:2-dimethylcinnamyl alcohol would produce two 
diastereoisomeric racemates of 2-methyl-l-phenylbutan-3-ol 
in unequal amounts :
i
“ \ / ch3 : h 3c\ c^ c-
\rCH3 : h3 V  C. ' c
HQ H !
-H
(I)
\)/
(I )m
H
V
II
C6*V
h 3c
HO*
•H '
■H
CH,
H-
■ H -
h 3c-
H
(III)
c6K5
CH.Z3
OH
------- V ----- -
Raceraate (1)
(III )_____m j
HjC.
•H H-
§H3
HO
(II)
V
K
Hlf.
C
CH.
HO" •H
<II» )
H-
H.
HO­
I-1
(IV)
c6H5
r- r_j __ — H
to
EG(J H^C — — H
CH-3 h 3c —
£01
H
(TV ) m /
■i 1 i 1 -y- "" ” '1 "r '! 1
acemate (2)
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/ +The vapour phase chromatogram of (-)-2-methyl-l-phenyl- 
butan-3-ol showed two peaks, indicating that the two diastereo 
isomeric racemates were present,
/ +  \Oxidation of (-)-2-methyl-l-phenylbutan-3-oX would 
produce enantioraers of 2-methyl-l-phenylbutan-3-one in equal 
amounts -:
h 3c
^6H5
Cl-h
CO
I
CH
(V)
3
| 6 5
Cl-k
CH„
COI
I
CH
3
(V )mv ---------
from racemate (1)
H-
I O 5 
CH„
-CH.
CO
I
CH,
3
(VI)
h_
H„C3
C/-H-I b 5
CH,
■H
CO
i
CH,
3
(VI ) m
~v"~ j
from racemate (2)
(V ) and (VI) are the same enantiomer, so are (V) andm
(VIm> S
equal.
the proportions of[(V )+(VI)] and [(V)-t-(VI )] arem m
Since, as discussed on p.77 i conformation (II) is 
sterically more favourable than conformation (I), the hydro­
genated product would contain more of (IV) and (IV ) thanm
(III) and (III ) , Evidence supplied by vapour phase chroma-Hi
tography accords with this conclusion
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Estimation of the percentage of asymmetric synthesis effected j
i
by hydrogenation. |
2-Methyl-l-phenylbutan-3-one has not been resolved.
The determination of the optical purity of the (-)-2-methyl- . 
l-phenylbutan-3-one derived from the hydrogenation of optically 
active (-)-1;2-dimethylcinnamyl alcohol cannot, therefore, 
be directly determined. It would be possible to determine the 
optical purity by preparation of a solid derivative, such as j
the seraicarbasone or 4-phenylsemicarbazone, provided that the 
derivative, by repeated crystallisation, could be with cer­
tainty obtained optically pure. The ratio of the initial and 
final values of the rotatory powers would then give the value 
for the optical purity.
The preparation and systematic recrystallisation of 
the semicarbazone and 4-phenylsemicarbazone of the (-)-2-methyl- 
l-phenylbutan-3-one did not provide this information, since 
the derivatives, after several recrystallisations, had essen­
tially the same specific rotations as those of the products 
when freshly isolated from the reaction mixtures. This method 
of estimating the percentage of asymmetric synthesis, which 
was used by Arcus and Smyth ( J.C.S,, 1955* 34- ), is therefore 
not satisfactory in- the present instance.
Vapour phase chromatography, however, afforded a useful 
method of determining the percentage of asymmetric"synthesis.
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The vapour phase chromatogram of (+)-2-methyl-l-phenyl- 
butan-3-ol showed that two diastereoisomers were present in 
unequal amounts, and the percentage of asymmetric synthesis 
can be calculated by comparison of the areas under the peaks*
Further, this method was employed to ascertain that 
oxidation of (+)-2-methyl-l-phenylbutan-3-ol to (-)-2-methyl- 
l-phenylfoutan-3-one by chromic anhydride in glacial acetic 
acid had yielded a single entity, i.e. a mixture of the 
optical isomers of the ketone as distinct from a mixture of 
diastereoisomers. The vapour phase chromatogram of the 
oxidation product showed that it contained about 99% of 
(-)-2-methyl-l-phenylbutan-3~one» the remaining 1% was due 
to an unspecified component, having a lower boiling point 
than the ketone, which could not be separated from the ketone 
by normal fractional distillation.
With respect to the diastereoisomeric alcohols, the 
areas under the respective peaks of the vapour-phe.se chroma­
togram are proportional to the quantities of the diastereo­
isomers present. Then, where A is the area of the larger, and 
B of the small peak, we have :
% Asymmetric synthesis = 100.x Excess of major over minor ________ component_________
Total quantity present 
= 100 x [A ~ 1
LA + B
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For the two preparations of (+)-2-methyl-i-phenylbutan-3-oX 
the ratios of A:B were found to be 1.548:1 and 1,4-18:1 , 
Application of the above expression yields 21.51 and X?.29% 
asymmetric synthesis for the two acts of hydrogenation.
Further, the ratio of the percentages of asymmetric 
synthesis was found to be :
= lk24 .
17.29
this accords with the ratio of the rotations at wavelength 
5893 of the respective (-)-ketones, which was found to foe :
= 1.24 ,
-1.42
a result tending to confirm that the percentage of asymmetric 
synthesis can be determined by vapour-pha.se chromatography.
The fact that the percentage of asymmetric synthesis 
in hydrogenation 3 was lower than that in hydrogenation 2 is 
most probably due to the fact that the Raney nickel ¥-3 
catalysts were of different ages, and hence were not identical, 
and also perhaps to the fact that the experimental conditions 
were not precisely identical. However, the difference between ■ 
the two figures is reasonably small, having in mind the com­
plexities involved in the catalytic hydrogenation of the 
1:2-dimethylcinnamyl alcohol molecule which has two different 
planar conformations for each enantiomer.
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Conclusion
.The present work on '(-)-1:2-dimethylcinnamyl alcohol 
provides an example of partial asymmetric synthesis effected 
by hydrogenation.
The fact of asymmetric synthesis is demonstrated by 
vapour-phase chromatographic separation of the diastereo­
isomeric saturated alcohols and by removal of the original 
asymmetric centre, by oxidation, leading to the optically 
active saturated ketones.
On the reasoning presented above, asymmetric hydrogena­
tion is preceded by asymmetric adsorption of the olefinic 
alcohol molecule in a preferred conformation, the nature of 
which is deduced.
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Second Section
(t)-1-(g-furyl)ethanol• |
i j,
(-)-1-(a-furyl)ethanol was obtained in 60% yield by the J
addition of methylmagnesium bromide to furfuraldehyde as des- jl
cribed by Duveen and Kenyon (. J.C.S., 1936, 621 ). When |;
o PS ^freshly distilled it had b.p. 75 /15mm, n 1.4776. Duveen $
iJ
and Kenyon ( loc. cit. ) record b.p. l62-l63°/760mm, b.p. I
70°/15nun and n*5!.4827. |
I
O IrIts N-a-naphthylcarbamate hap m.p. 130.5-131 • j!
Catalytic hydrogenation of (-)-!-(a-furyl) ethanol, j;
(i)-1-(a-furyl)ethanol, in solution in 96% ethyl alcohol, 
was hydrogenated at an initial pressure of 95 atmospheres and j
Omaximum temperature of 70 , in the presence of Raney nickel 
W-3 catalyst. Hydrogenation proceeded smoothly yielding
(i)-1-(a-tetrahydrofuryl)ethanol, in 66% yield, having
o 2 Sb.p. 50-65.5 /11.5mm and n^ 1.4476, which when fractionally
redistilled gave the following four fractions :
Ib b.p. 63-63.8°/ll.5mm, n^5 1.4473
XIb 63.8-64.5° / H . 5mm, 1.4476
XXIb 64.5-65 * 2°/ll.5mm, 1.4477
IVb 65*2-67.8°/ll.5mm, 1.4480
Samples of fractions, Xb , XIb * XIIb,and IV— were con-
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verted into the N-a-naphthylcarbamates• The crude products
obtained from the four fractions had melting points :65-69°,
69-70°, 85-89° and 88-91° respectively. It is noticed that 
bfraction I gave the lowest melting point, whereas fraction 
bIV gave the highest. Recrystallisation of the derivatives
lb bof fractions I and IV ultimately gave white needles having 
melting points 95-96° and 97*5-98°, respectively; a mixture 
of the specimens had m.p. 95*5-96°.
Hydrogenation of (-)-1-(a-furyl)ethanol could theo­
retically yield four diastereoisomeric forms of l-(a-tetra- 
hydrofuryl)ethanol :
CH   CH „ • ,,,T. CHtt— —  C
11 11 p  ; p
C H 0 C CH ( OH ) CrP CH2— 0 — CH *3 ^CH(OH)CK3
(+)(+).0..(i) 
(-)(+)...(ii) 
(+)(-)..(iii) 
(-)(-)...(iv)
which comprise two diastereoisomeric racemates : (i)(iv) and
(ii ) (iii).
From the preparation and recrystallisation of the 
(t)-1-(a-tetrahydrofuryl)ethyl N-a-naphthylcarbamates 
described above, it appears that the hydrogenated product 
contained two diastereoisomeric racemates.
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"t*Hydrogenation of (-)-!-(a-furyl)ethanol over modified Raney 
nickel catalyst.
It was thought, at this point, that the formation of 
two diastereoisomeric racemates might be due to the presence 
of traces of alkali in the catalyst, although the latter is 
subjected to thorough washing with water.
Raney nickel ¥-3 was therefore washed by shaking with 
a 20% aqueous solution of formic acid* and the resulting 
modified nickel was used as catalyst in the hydrogenation of 
(-)-1-(a-furyl)ethanol. The same experimental conditions as 
before were used, but hydrogenation was very slow, Drastic 
conditions in which the temperature was raised to 130.5° and 
pressure to 121 atmospheres were applied. The product, 
obtained in 48% yield* had b.p. 6l-72°/ll,5mm, which was 
fractionally redistilled to give four fractions having the 
following characteristics :
Xb b.p. 60-67.5°/I4mm,
XIb 67.5-69°/l4mm,
IIXb 69-70.8°/l4mm,
IVb 71-74.5°/l4mm
all fractions were colourless.
Samples of fractions XIb and XVb were converted into 
the N-a-naphthylcarbamates. From the reaction product there
T &  1.4408D
1.4448 
1.4460 
1.4480
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separated, in each case, a crystalline solid (A) and an oil; 
the latter was removed and subsquently solidified (B). In
Q
this way, fraction II gave (A^), m.p., 75-78.5 , and (B^), 
m.p. 78*5-81°, and fraction (IV*3) gave (Aj^), m.p. 89-95°? 
and ( B-j-y) , m.p. 85-91°. Sys tematic recrystallisation of these 
solids gavei(ATT), m.p.100-101°;(BTT), m.p. 84-87°; (AT,r),
X x  1 1  x V
m.p. 103.5° and (BIV), m.p. 97-97.5°*
Mixtures of different compositions of (A^y) and 
were prepared and their melting points determined. The 
melting point-composition curve showed no eutectic ( see 
Experimental, p.l49 )» It is probable that (A and (B j^ .) 
were diastereoisomeric racemates.
Oxidation of (-)-1-(q-tetrahydrofuryl)ethanol,
Several attempts were made to oxidise (l)-l-(a-tetra- 
hydrofuryl)ethanol to (i)-a-acetotetrahydrofuran by chromic 
anhydride in glacial acetic acid, and by N-bromosuccinimide 
in aqueous methanol. In all experiments no solute was obtained 
from the organic solvent extracts.
It appeared probable that oxidation had either cleaved 
the oxide ring to give a 1:4-glycol, or had given tetrahydro- 
furoic acid, and that the 1:4-glycol as well as tetrahydro- 
furoic acid was water soluble, whence the products were not 
readily isolated :
In view of the instability of the tetrahyd.ro fur an 
ring, investigation of the optically active 1-(a-furyl)ethanol 
was not attempted.
Stereochemical course of hydrogenation„
An examination with Catalin models showed that the 
1-(a-furyl)ethanol molecule possesses one conformation which 
conforms nearest to a plane :
CH-
CH
-- CH
CH.
0'
H
H„C.j
Cn
J L
‘OH
CH
CH
O'
(I) mirror image of (I)
and in this conformation hydrogen bonding between the oxygen 
atom of the ring and the hydroxyl-hydrogen atom may occur :
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If (I) and its mirror image are the only entities that 
are adsorbed on the surface of the catalyst, the hydrogenation 
of (-)-1-(a-furyl)ethanol would produce only two diastereo- 
isomers which comprise one diastereoisomeric racemate :
CH: cm
H
0-
HO-
•CH,
H
-CH.
2
H„C-
■CH
■o
-OH
2
(II)
H
mirror image of (II)
If elimination of the original asymmetric centre by
oxidation can successfully be carried out, then (II) and its
mirror image would give two optical isomers of a-acetotetra-
/ +  \hydrofuran, i.e. the (-)-ketone :
CH
0
-CH, h2c
-CH,
CO
I
CH_
(III) mirror image of (III)
It is obvious that if only one enantioraer of l-( a-furyl) 
ethanol (I) is hydrogenated, only one enantiomer of a-aceto- 
tetrahydrofuran (III) would be produced, and, from the argu­
ment above, a very high degree of asymmetric synthesis,
- 90 -
approaching 100%, is to be expected.
However, from the preparation and purification of the 
(-)-1-(a-tetrahydrofuryl)ethyl N-a-naphthylcarbamate, it 
appears that the hydrogenated product contained not only
(II) and its mirror image, but also other diastereoisomers. 
This latter finding indicates that in addition to the planar 
conformation (I) other conformations are also involved.
E X  P E  R I M E  N T A L
f
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E X P E R I M E N T A L
Section I.
Preparation of 2-methyl-l-phenyl-but-l-en-3-one .
Redistilled benzaldehyde ( 312g., 2,94 mole ) was 
mixed with redistilled ethyl methyl ketone ( 212g., 2.94 mole ) 
and the mixture was cooled in an ice-water hath for 2 hours.
Dry hydrogen chloride was passed slowly into the mixture with 
continuous stirring for 5 hours. The resulting red product 
was kept for 4 days at room temperature; it was then stirred 
with 2N sodium hydroxide solution and subsequently taken up 
in ether. The brownish-red ethereal solution was washed with 
2N sodium hydroxide solution ( 4 x 200 ml ), and then with 
water until neutral. The neutral ethereal solution was dried 
over anhydrous sodium sulphate for 2 days, and the ether was 
removed by distillation on a steam bath. The residual oil 
was distilled at reduced pressure and a pale yellow liquid 
( 231 g., 48.9% ) having b.p. 131-132°/12mm was obtained; 
it, on scratching, solidified into colourless needles having 
m.p. 38°.
Similar preparations were also carried out, and the 
details of these ar,e given in the following table :
PhCHO EtCOMe Characteristics of product Yield
585g. 397g. b.p. ll6-119°/4.5mm, m.p. 38° 440g.
(5.51 m.) (5.51 m.) (50%)
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PhCHO EtCOMe..: Characteristics of product Yield
505g. 343g. b.p. 103-106°/l.3mm, m.p. 38° 395g.
(4,76 m.) (4.76 m.) (5296)
3l8g. 2l6g. b.p. 128-13 0°/l1mm, m.p. 38° 288g.
( 3 mole) ( 3 mole) ' (6096)’
Motor (
Purification of 2-methyl-l-phenyl-but-l-en-3-one•
In addition to distillation at reduced pressure and 
recrystallisation from light petroleum ( b.p. 60~80°) which 
gave needles melting at 38° ( melting point determined by the. 
commonly used method ) the crude ketone was also subjected 
to fractional solidification by the "advancing front cooling" 
method.
The crude ketone ( about lOGg.) was melted in an 18" 
glass tube (A) sealed at one end. The 
glass tube was suspended from a geared 
electric motor which was capable of .lower­
ing it by 2cm per hour. In this way the 
molten ketone was made to pass through a 
copper jacket (B) heated to 50° by circu­
lating warm water (Circotherm); underneath 
the hot jacket was placed a constantrhead
I
copper cylinder (C) containing ice and 
water; the cold cylinder was surrounded 
by an ice-water bath (D). By this arran-
D
%
„ {!!>{ 
chi.,
<0
F +
Sei
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Cooling curve# 2-mefckyL-i-pkenyl-bu.b-l-en-3-one
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(ketone purified by nortncd re-crystallisation method)
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FIG. 2
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gement the molten ketone was made to solidify very slowly.
When afoouth 9/10th of the original volume of ketone had soli­
dified, the remaining l/10th was removed quickly by suction 
of a water pump. The solid ketone obtained from the first 
run had m,p. 35*85°; this latter was determined by plotting 
the cooling curve of the ketone.
The procedure was repeated on the partially purified 
ketone, A sample of the ketone having m.p, 36.25° was obtained. 
Further treatment produced no increase in melting point, The 
cooling curves of these samples of ketone are shown in Fig.l,
A sample of the ketone purified by normal recrystalli­
sation from light petroleum also had m.p. 36.25°» The cooling 
curves are shown in Fig. 2 • (Harries and Muller, Ber., 1902,
3\5, 966, record m.p. 38°),
/ +Preparation of (-)-1:2-dimethylcinnamyl alcohol.
Aluminium foil ( 85g.» 3*1 g.atom ) was dissolved in 
absolute isopropyl alcohol ( 1500ml,, 19*5raole ) on a steam 
bath during 7 hours in the presence of mercuric chloride 
( about Ig. ). The resulting grey solution was cooled
slightly and 2->methyl-l~phenyl-but-l-en-3*-one ( 230g,, 1.43mole)
!
was added. The mixture was boiled under reflux for 45 minutes 
and then acetone was removed by distillation under slightly 
reduced pressure. The grey syrupy product was cooled slightly
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and poured slowly with stirring into an excess of 6N sulphuric 
acid and. ice. The crude alcohol was taken up in ether,,: The 
aqueous layer was salted with sodium chloride and shaken twice 
with ether. The ether solutions were combined, washed with 
2N sulphuric acid ( 3 ^ 200 ml ), followed by 2N sodium hydro­
xide ( 4 x 200ml ) and finally with water until neutral. The 
ether solution was dried over anhydrous potassium carbonate 
for 24 hours and the ether was removed by distillation on a 
steam bath* The residual liquid was distilled at reduced 
pressure; a colourless liquid ( l66g., 71*2% ), having 
b.p, lll-112°/0•6mm, n ^  1.5596, was obtained. It (l66g.) 
was fractionally distilled, and a fraction having b.p. 92°/0.2mirj 
n^l.5600 was collected; found C, 81.70; H, 8.8l; 
requires C, 81.4-5°, H, 8.70%.
/ +  \Other preparations of (-)-1:2-dimethylcinnamyl alcohol
were as follows :
A1 isopropyl
alcohol
(ml)
Ketone Characteristics of 
product
Yield
93.5g. 
(3.46g.at)
1,500 253g.
(1.54m)
b.p. 105-106°/0. 9
n^5 1.5594
192g.
(80%)
108g.
( 4g.at,)
1,600
1
320g.
( 2 m. ) .
b.p. 97-97.5°/0,8mm 
1.5600D
183s.
(56»/»)
108g.
( 4g.at.)
1,600 320g.
( 2 m. )
b.p. 102°/0,9ram
1.5599
l62g . 
(50%)
A1 isopropyl 
alcohol 
(ml)
Ketone Characteristics of 
product
Yield
83g.
(3.15g.at)
1, 300 230g.
(1.45m)
b.p. lll-112°/0.6 mm 
n^51.5598
l65g.
(70.2%)
t + \ “: IPreparation, of (-)-1:2-dimethylcinnamyl acetate.
| | j
(-)-1:2-DimethylCinnamyl alcohol ( 7»8lg., 0.048 mole ), |
ij;
pyridine (  6*15g., 0.0?8 mole )  and acetic anhydride (  6.54g., j
If; 1.
0.064 mole ) were mixed in a stoppered flask and allowed to sj
stand at room temperature for 2% days. The resulting yellow | 
solution was taken up in ether. The ethereal solution was 
washed with dilute hydrochloric acid ( 3 times ), followed by i 
water ( 3 times ) and dried over anhydrous magnesium sulphate, T 
The ether was removed on a;steam bath and the residual liquid
was distilled at reduced pressure : a colourless liquid (la) j
( 7.6?g. , 78.3% ) having b.p. 90-97°/0.2mm and n^l.5243 was jJD -■!
cl "b 'obtained. (I ) was fractionally distilled and a fraction (III )
( 3.91g.) having b.p. 94-97 /0.2mm and n^ 1.3246 was obtained.
Id(III ) was fractionally distilled and a fraction (III )( 1.98g.)
o 25having b.p. 88-88.3 /0.2mm and n^ 1.5230 was obtained; found 
C, 76.88; H, 8.17; c13H16°2 re(luires c » 76.42 ; H, 7.89%.
Preparation of (-)-1:2-dimethylcinnamyl methyl ether.
Freshly cut potassium ( 3«0g., 0.077 g« atom ) was
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melted under refluxing sodium-dried benzene ( 30ml ) on an 
electric mantle. When all the potassium had melted into 
mercury-like globules, the flask was removed from the electric 
mantle, stoppered and shaken vigorously so that the molten 
potassium broke up into a mass of fine silvery globules. The 
suspension was allowed to cool} (-)-I:2-Dimethylcinnamyl 
alcohol ( 11.7g. , 0.072 mole ) was then added in portions of 
15 drops at a time, followed by benzene ( 10 ml ). The 
resulting red solution was heated under reflux for 30 minutes 
and cooled.
Methyl iodide ( 13•2g., 0.093 mole ) in sodium-dried
benzene ( 10ml ) was added to the red solution in portions of
15 drops. When all the methyl iodide had been added the
reaction mixture was heated under reflux for 45 minutes and
then cooled to room temperature. The whole was transferred
to a separating funnel and washed with dilute hydrochloric
acid ( 3 times ), followed by water ( 3 times ), then dried
over anhydrous sodium sulphate and distilled. A liquid (la)
( 8.11g,, 63.9% )* having b.p* 56~97°/lmm, n ^ l . 5189, was
obtained. (I ) was fractionally distilled and a fraction (II )
(3• 6lg•),having b.p. 62-66°/0• 5mm, n ^ l . 5193» was obtained, 
to(II ) was further fractionally distilled, yielding a fraction 
(IIC), having b.p. 64-66°/0.5mm, n^l.5195 ; found C, 81.76;
H, 9*48; ^12^ 6^ requires C, 81.79; H, 9*15%«
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Preparation of Raney nickel ¥-3•
A solution of sodium hydroxide ( 128g.) in water ( 500ml) 
was prepared in a 2-litre conical flask. The flask was placed 
in a water bath, and the alkaline solution was stirred mecha­
nically by a Herschberg-type stirrer. B.D.H. Ni-Al ( 50-50 ) 
alloy ( lOOg.) was added to the alkaline solution in portions 
of 1-2 g. at intervals of 2 minutes so that the temperature
4* Owas maintained at 50-1 * Frothing was minimised by the addi­
tion of X-2ml of 96% ethyl alcohol.
\
When all the alloy had been added the alkaline solution 
was kept stirred for a further 50 minutes at 50°( warm water 
bath ). The blakish-grey catalyst was then transferred to 
a 1-litre measuring cylinder; the alkaline solution was 
decanted, and the catalyst was washed 6 times with water by 
stirring and decantation.
Further washing of the catalyst was carried out by 
siphoning water ( 15 litres ) through the stirred catalyst.
The catalyst was then washed with 96% ethyl alcohol ( 3 x 150ml) 
followed by 99% ethyl alcohol ( 5 x 150ml ), each time the 
catalyst was stirred with a glass rod, centrifuged for 5 minu­
tes and the alcohol was decanted. The catalyst was finally 
stored under 99% ethyl alcohol.
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Hydrogenation of (-)-1:2-dimethylcinnamyl alcohol
Owing to the large quantity of materials, 2 separate
hydrogenations were carried out. In each hydrogenation the 
+(-)-1:2-dimethylcinnamyl alcohol was dissolved in redistilled 
96% ethyl alcohol and hydrogenated over Raney nickel ¥-3 
catalyst.
First hydrogenation :
(-)-1:2-Dimethylcinnamyl alcohol 
96% ethyl alcohol 
Raney nickel ¥-3
( lOOg., O.62mole ) 
( 300 ml )
( about 4. 5g•)
Time Temp. 
o^
Pressure
atm.
A?
atm
Remarks
First day : 
15.2? 21.5
16.05
16.08
16,15
16.19
19.00
92
21.5
22.5
25.5
28.5
37.5
Second day :
10.27
10.41
21.5
21.5
+ 1 • 0
+ 3.0 
+ 3.0 
+ 9.0
• 16.0
92
88
84
82
39
38
37
-4
-4 
-2 
• 43
-1
-1
System flushed twice 
with hydrogen (50atm.)
refilled to maximum
pressure
Stirrer started
* *
White and green
heaters switched on
Green heater off
White heater off
stirrer stopped
Stirrer started 
White and green 
heaters switched on
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Time Temp. A  T Pressure & P Remarks
10.57 30 • 5 + 9.0 37 Green heater off
10.56 32.5 + 2.0 37 White heater off
13.54 41.5 + 9.5 39 + 2
18.50 34.5 -7.0 36 -1 Stirrer stopped
Third day :
11.05 20.5 -14.0 37 -1 Pressure released.
* White heater is . a heater surrounding the autoclave. 
Green heater is a heater built underneath the autoclave.
Second hydrogenation :
(i)-1:2-DimethylcinnarayX alcohol ( 92g., 0.56 mole )
96% ethyl alcohol ( 300 ml )
Raney nickel ¥-3 ( about 4,5g.)
Time Temp.
°c
A T  ' 
°C
Pressure
atm.
p
atm.
Remarks
First
15.30
day :
22.5 87 System flushed twice 
with hydrogen (50atm) 
refilled to maximum 
pressure
16.18 22.0 -0.5 86 -1 Stirrer started; both 
heaters switched on
16.43 51.0 - + 29.0 66 -20 Both heaters off
16.50 61.5 +10.5 55 -11
19.20
Second
11.00
52.0 
day :
-9.5 41 -14 Stirrer stopped . 
Stirrer started
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Time Temp. AT Pressure AP Remarks
13.35 26.0 -26.0 38 -3 Both heaters switched
on
13.45 36.0 + 10.0 39 +1 Both heaters off
18.30 42.5 + 6.5 40 + 1 Stirrer stopped
Third day :
10.15 24.5 -18.0 38 -2 Pressure released.
The ethanolic solutions of the hydrogenated product
from the two hydrogenations were combined and filtered through
a fluted filter paper. The filtrate was first distilled on
a steam bath to remove ethyl alcohol, and then distilled at
reduced pressure. A colourless liquid ( l?lg.» 88% ) having 
o 25b.p. 98-102 /1.3mm, n^ 1,5122, was obtained; it was fraction­
ally distilled with a specially conscructed electrically 
heated Vigreux column, and the following three fractions were 
collected :
Xb b.p. 108-110°/!. 2mm, nfp 1.5060 6.28g.
IIb 110-lll°/1.2mm, 1.5102 48.56g.
IIXb 111°/1,2mm, 1.5133 116.49g.
all fractions were colourless liquids, 
bFraction (ill ) was fractionally redistilled and the 
following three fractions were collected :
Ic b.p. 1170/1.3mm, n^5 1.5127 8.55g.
I r  *
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11° b.p. 1X6.5°/l.3mm, n^5 1.5135 38.75g.
XIXC ll6.5°/1.3mm, 1.5133 65.15g.
Test for unsaturation on the hydrogenated product 
with bromine in carbon tetrachloride gave negative result.
Hence hydrogenation was complete.
A vapour phase chromatographic analysis of fraction
c(XXX ) showed that 2 diastereoisomeric racemates were present 
in the ratio 2.08 : 1. An exact tracing of the original 
chromatogram is reproduced in Fig. 3? together with the expe­
rimental details.
Colonge and Pichat, Bull. Soc. Cbim., 194% 177i 
record b.p. 124°/llmm and 1,5190 for (-)-2-methyl-l-phenyl-
butan-3~oi.
(1)-3-Methyl-4-phenyl-2-butyl N-q-naphthylcarbamate.
(i)-2-Methyl-l-phenylbutan-3”Ol ( l,64g., 0.01 mole )
owas dissolved in light petroleum ( b.p. 100-120 ; 10 ml ) and 
a-naphthylisocyanate ( 1.86g., 0,011 mole ) was added. The 
resulting solution was heated under reflux in an oil bath 
regulated at 115-120° for 2 hours, allowed to cool to room 
temperature and kept covered for 2 weeks. A white crystalline 
solid ( 3«50g.), having m.p. 67•5-70°, was obtained. It 
( 3.50g.) was recrystallised from light petroleum ( b.p. 100- 
120°; 10ml ) an d yielded a white solid ( 2.64g.) having'
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m.p, 71•5-73# 5°. Xt(2.64g.) was subjected to lour further
recrystallisations from light petroleum and yielded white 
needles ( 0.80g.) melting at 73•5-74.5°; found : C, 79*03;
H, 7.07; N, 3.98; C 22H 23N 0 2 re<iuires : c » 79.11; H, 6.94;
N, 4.18%.
Preparation of p-phenylazobenzoyl chloride.
Nitrosobenzene was prepared according to 0rg. Syn., 
25, p.80, from nitrobenzene ( 62.5ml )i a solution of ammo­
nium chloride ( 37.5g») in water ( 1.25 litre ) and zinc 
dust ( 93g*); it (39.5g.) had m.p. 65.5-66.5°.
Nitrosobenzene ( 39*5g.) was allowed to condense with 
p-aminobenzoic acid ( 50.8g'.) in the presence of glacial 
acetic acid ( 367 ml ) according to Org. Syn, , 2J5, p.86, to
p-phenylazobenzoic acid which was recrystallised from 95% 
ethyl alcohol to give orange-gold plates ( 50.5g*) having
m.p. 250-251°.
p-Phenylazobenzoic acid ( 50.5g.)» mixed with anhy­
drous sodium carbonate ( 50,5g*)» was converted into the 
acid chloride with thionyl chloride ( 250 ml ) according to 
Org. Syn,, 25, p.87. The crude p-phenylazobensoyl chloride 
was recrystallised from light petroleum ( b.p. 100-120°), 
washed with light petroleum ( b.p, 40-60°) giving an orange 
red solid which was dried over phosphorus pentoxide and
wax shavings for one week in a des^iccator; it ( 40g.) had 
m.p. 95-96°.
Purification of pyridine.
Calcium oxide was heated in a muffle furnace for 1 hour
oat 700 and then cooled in a des|iccator. Coramercial-grade
pyridine was dried over this calcium oxide by mechanical
shaking for 1 hour, decanted into a distilling flask and
fractionally distilled from fresh calcium oxide. A fraction 
oboiling at 115 Was collected and stored over potassium 
hydroxide pellets.
+Attempted preparation of ( - ) -3-methyl-4-phenylbutyl-2- 
p-phenylazobenzoate.
(t)-2-Methyl-l-phenylbutan-3-ol ( 8 ,2g„, 0.05 mole ) 
was dissolved in pyridine ( 85.2g., 1.07 mole ), and the
resulting solution was cooled in an ice-water bath for 30 
minutes. Powdered p-phenylazobensoyl chloride ( 13.1g.»
0,0575 mole, i.e. 15% excess ) was then added slowly with 
occasional swirling* The flask was stoppered with a cork 
carrying a glass capillary tube, and then swirled until an 
homogeneous orange-red solution was obtained. This solution 
was kept at 25° for 26 hours when two layers were observed : 
an upper red layer and a lower orange-coloured oil. The flask 
was then immersed in an oil bath at 80° for 4 hours, and cooled
to room temperature overnight. The two layers observed 
previously had disappeared, but the red solution had now 
deposited a mass of transparent crystals which were presumably 
pyridine hydrochloride. Water ( 3ml ) was added and the 
solution was shaken - the crystals disappeared. The red 
solution was allowed to stand at room temperature for 80 
minutes and then pyridine was removed by suction ( water pump) 
at 35° during 10 hours. The residue was a syrupy red
liquid and some solid; it was transferred to a mortar and 
triturated with water. There was no solid product. The red 
oil was taken up in chloroform. The chloroform was washed 
with IN hydrochloric acid to pH 2, and then with water until 
neutral. The chloroform solution was dried over anhydrous 
sodium sulphate for 5 days. Chloroform was removed by suction 
of a water pump and a red oil was obtained. The oil could 
not be induced to solidify by scratching on a watch glass 
both a lone and with solvents ( benzene, benzene-ether, 
light petroleum, light petroleum-benzene and carbon disulphide).
/ + \Attempted separation of the diastereoisomers of (-)-3-methyl- 
4-phenylbutyl-2-p-phenylazobenzoate by adsorption chromato-
!
Experiment {1) : Adsorption on alumina •
About 1ml of a solution of the coloured oil described 
above in chloroform ( 100 ml ) was passed down the"chromato—
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graphic column. The coloured ester split up into two bands : 
a narrow upper yellow band (A) and a broader lower orange- 
coloured band (B). On elution of the column with 11 Analar1 
benzene containing 1% ( v/v ) of absolute ethyl alcohol 
band (A) remained stationary,' whereas band (B) split up into 
a diffuse upper yellow band (C) and a much broader lower., 
orange-coloured band (D). Elution with the same solvent was 
continued and (C) and (D) were collected. The fractions (C) 
and (D) were evaporated to dryness by suction of a water pump, 
giving a yellow and a red oil#, respectively. The oils did 
not solidify by scratching and long keeping in a des|iccator,
Experiment (2) : Adsorption on silica gel.
0.?ml of the chloroform solution of the ester was 
passed down the column. The same number of bands, in the 
same order as above, was observed on elution with nAnalarM 
benzene containing 1% (v/v) of ethyl alcohol. The only 
difference observed was that band (C) was eluted more slowly 
than band (C) in experiment (1).
The eluates (C) and. (D) were subjected to the same 
treatment as above and yielded two oils which did not soli­
dify by scratching and long keeping in a des#iccator.
Preparation of (-)-3-bromo-2-methyl-l-phenylbutane»
(i)-2-Methyl-l-phenylbutan-3-ol ( l6,4g., 0.1 mole )
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was mechanically stirred and cooled to -6° in an ice-salt
bath for 30 minutes. Phosphorus tribromide ( l8.6g., 0.05mole)
was added dropwise at such a rate that the alcohol remained
at sub-zero temperature. When the phosphorus tribromide
had been added the solution was kept stirred while the
temperature of the cooling bath was gradually raised to room
temperature. The solution was then heated under reflux on
a steam bath for 30 minutes and then cooled to room temperaturec
Water ( 30ml ) was added cautiously with stirring, .and the
whole was allowed to cool; ether ( 25 ml ) was added and the
mixture was shaken. The ethereal layer was separated,and the
aqueous layer was shaken again twice with ether. The ethereal
solutions were combined, washed with an aqueous solution of
sodium carbonate ( 3 x 50ml ), followed by water until neutral,
dried over anhydrous sodium sulphate for 35 hours and distilled.
A colourless liquid ( l6.56g., 73% ),having b.p. 94-99°/0.7mm 
25and n^ 1.5333* was obtained; it ( l6.56g.) was redistilled
and a fraction ( 13.65g*» 60% ), having b.p. 93-95°/0•5mm 
25 ,and 1.5345* was collected.
S imi1ar preparations were as follows :
Alcohol Pbr_ , j
Characteristics of 
product
Yield
16.4g.
( 0.Imole )
18.6g.
( 0.05mole)
b.p. 83-8%°/0.9mm, iip51.5347 10.98g.
(48%)
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Alcohol pBr
3
Characteristics of 
product
Yield
16.4g.
( O.lmole)
16.4g.
( O.lmole)
16.4g.
( O.lmole)
18•6g •
( 0.05mole)
18•6go
( O.Ofmole)
18.6g .
( 0 .05mole)
b.p. 9 1 - 9 3 ° / 0 . 4 m m ,  n^l.5344
b.p. 8 9 ~ 9 1 ° / G . 8 m m ,  n!?5 1 . 5 3 ^ 5  
b.p. 79-80o / 0 .1m m , n f 1 . 5 3 4 7
1 1 . 2 0 g •
( 50%)
12.27g •
( 55%)
9 e 9 ^ g .
( 4 3 . 6 % )
Attempted reductive cleavage of (-)-3-bromo-2-methyl-l-pheny1- 
but ane with lith i um by dr i. d e and lithium aluminium hydr i d e .
A mixture of lithium hydride ( 0.68g., 0.086 mole ) 
and lithium aluminium hydride ( 0.29g.» 0.00?4 mole ) was 
placed in a two-necked flask carrying a two-way adaptor fitted 
with a double-surfaced reflux condenser on one side arm and 
a thermometer and stirrer on the main shaft. The stirrer and 
thermometer were held in place by a rubber bung.
Sodium-dried tetrahydrofuran ( 19ml ) was introduced 
into the flask by means of a dropping funnel. The stirrer 
was started and (^)-3-bromo-2-methyl-l-phenylbutane ( 13*3g»» 
0.06 mole ) was added dropwise. Reaction appeared to be 
sluggish. External heating was applied, and the mixture was 
maintained at a moderate reflux at 73° for 1 hour with conti­
nuous stirring. The reaction mixture was then cooled to 10? 
and a mixture of tetrahydrofuran ( 4ml ) and water ( 2,3ml ) 
was added cautiously with stirring so that the temperature
- Ill -
was maintained below 20°. The resulting milky solution was 
poured slowly with stirring into a beaker containing concen­
trated sulphuric acid ( 5ml ), ice cubes and water. A
colourless oil separated, and it was taken up in ether. The 
ethereal solution was washed with water until neutral, dried 
over anhydrous- potassium carbonate for 48 hours and distilled.
A colourless liquid ( ?.?8g., 87% )» having b.p. 76-97.5°/0.6mm 
25and n^ 1.5254, was obtained; it ( 7*?8g.) was redistilled and 
the following fractions were collected :
Ib b.p. 28-52°/0.2mm, 1.5120 , 2.05g.
XXb 62-65°/0.2mm, 1.5330 , 5.42g.
bFraction I was redistilled to give :
Ic b.p. 78-87.5°/l?mm, n ^  1.5066 , 0.6lg.
IIC 87.5-89.5°/17mm, 1.5096 , 0.65g.
111° 89.5-90.5 °/l'7niin, 1.5148 , 0.26g.
cTests for halogen on fraction I showed that bromine 
was absent, but fraction 11° showed that a little bromine was 
present•
Literature (see p. 69 ) records b.p. 194-195°/760mm 
20 4-
and n^ 1,4873 for (-)-2-benzylbutane•
It was thought at this point that the tetrahydrofuran 
was not quite dry, and further drying was necessary. Tetra- 
hydrofuran was therefore boiled under reflux on a steam bath
- 112 -
with freshly squirted sodium wire for 1 hour and redistilled 
from sodium wire. The distillate was collected in a receiver 
containing sodium wire.
Another attempt to prepare (i)-2-benzylbutane from
(-)-3-bromo-2-methyl-l-phenylbutane by the above procedure
was made : lithium hydride ( 0.57g., 0.072mole ), lithium
aluminium hydride ( 0. 2 4 g., 0.00o2mole ) in tetrahydrofuran
( 14.4ml ) were allowed to react with the bromo-compound
( 10.9g., 0.043mole ), and towards the end of the experiment
a mixture of tetrahydrofuran ( 4.2 ml) and water ( 2.8ml )
was added. The product was decomposed with concentrated
sulphuric acid ( 7ml ), ice cubes and water. Distillation
of the crude liquid yielded a colourless liquid ( 7• &5g •)»
o 25having b.p. 92-127 /l6mm and n 1,5227, which was re-dis-L)
tilled to give the following fractions :
Ib b.p. 92-96°/l6mm, n^51.51l6 , 0.53g.
IIb 96-102°/l6mm, 1.5133 , 0.91g.
IIIb 102-129°/l6mm 1.5240 , 4.83g.
b bTests for halogen on fractions I and II showed that a little
bbromine was present; fraction III contained a considerable 
amount of bromine.
Attempted preparation of (-)-2-benzylbutane via the (-)-3- 
me thy1-4-phenylbuty1-2-magne sium bromide.
Magnesium turnings ( 1.46g., 0.06g,atom ) were placed
- 113 -
in a two-necked flask fitted with a two-way adaptor, a mercury- 
sealed stirrer, a double-surfaced condenser and a dropping 
funnel. Sodium-dried, ether ( 10ml ) and a small crystal of 
iodine were added*
(1)-3~Bromo-2-methyl-l-phenylbutane ( 4.54g., 0.02mole) 
in sodium-dried ether ( 20ml ) was added dropwise and the * 
stirrer started. Reaction did not occur readily, so the 
flask was immersed in a warm water ba.th ( 60° ) . Reaction 
started and the ether became grey, lihen all the bromo-compound 
had been added the reaction mixture was kept stirred for a 
further 45 minutes with external, heating at 60°. The ethereal 
solution was decanted into a separating funnel containing a 
solution of ammonium chloride ( l*5g.? 0.03mole ) in water 
( 20ml ), and shaken* The ether layer became reddish brown; 
it was washed with 2N hydrochloric acid ( 2 x 20ml ), followed 
by water until neutral, dried for 6 hours over anhydrous 
potassium carbonate and distilled. A colourless liquid (l,65g) 
having b.p. 4Q-78°/17mm, nj^l.4967» was obtained; it ( 1.65g.) 
was redistilled and the following fractions were collected :
Ib b.p. 62-71°/l4mm, n^51.4944 , 0.49g.
XIb ?l-74°/l4mm, 1.4947 , 0.23g.
XIXb 74-76°/l4mm, 1.4958 , 0.20g.
Tests for halogen on the three fractions showed.that bromine 
was absent. Fraction XXb was analysed: found C, &8.43>
- 11.4 -
H, 10.25; requires C, 89*12; H, 10.88%.
Another experiment was carried out exactly as above,
/ + \but under an atmosphere of nitrogen, with (-)-3-bromo-2-methyl- 
1-phenyXbutane ( 6.8lg., 0iQ3mole ) in sodium dried ether 
( 20ml ), magnesium turnings ( 2.2g., 0.09g*eitom ) in ether 
( 25Eil ) and a small crystal of iodine. The product was 
decomposed and worked up as above. The colourless liquid 
had b.p. 90-112°/29mra; it was re-dissolved in light petroleum 
( b.p. 40-6o°)( 5:1 )* and the resultant solution was dried 
overnight over sodium wire. The light petroleum was removed 
at reduced pressure and the residual liquid was distilled; 
it had b.p. 84-98°/86mm, n^l#5073» and when redistilled gave:
Ib b.p. 112-ll8°/97mm, n ^ l .5021
IXb b.p. Il8-120°/97mm, 1.5037
IXXb b.p. 120-123°/97mm, 1.5073
bFraction XI was redistilled and gave :
Xc b.p. 10X-103°/43mm, n^51.5027
11° 102-103°/43mm, 1.5038
Fraction XXC was analysed : found C, 89*95; H, 10.01%.
The ' analysis results would be appropriate for a dimer
( see p. 70 ), which requires C, 89.72; H, 10.27%.
cA Rast determination of molecular weight on fraction IX 
indicated a value of 170-180, whereas requires 148 and
- 115 -
C22K30 re^uires 294.
/ + \Oxxdation of ( ~) -2-methyl-1-phenylbutan-3-ol.
(i)-2-MethyX-l-phenylbutan-3-ol ( 3.28g., 0.02mole ) 
was dissolved in glacial acetic acid ( 10ml )• The resulting 
homogeneous solxition was heated with mechanical stirring in
Oan oil bath at oO . Freshly powdered chromium trioxide 
( 2.37g»» 0«023?mole ) suspended in glacial acetic acid
( 10ml ) was added portionwise during 5 minutes. The resul­
tant green solution was kept stirred at 80° for a further 
10 minutes, allowed to cool slightly for 5 minutes and poured 
slowly with stirring into water ( 25ml ), The diluted green 
solution was shaken with light petroleum ( b,p, 40-60°;
2 x 20ml ), The petroleum extracts were combined, washed 
with a saturated solution of sodium bicarbonate ( 3 x 20ml ), 
followed by water ( k x 20ml ) and dried over anhydrous 
magnesium sulphate for 3 hours. The light petroleum was 
removed by suction of a water pump and the residual oil was 
distilled at reduced pressure ; the following fractions were 
collected :
Ia b.p. 67-72°/0,5mm, 1.50^2 , 0.3Qg.
XXa 72-73.5°/0.5mm, 1.5041 , 1.82g.
(2.12g., 65% )
Fraction XXa also had n^l.5066, Colonge and Pichat ( Bull.
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*1 Q
Soc, Chim,, 19^9, 177 ) record b.p. 106°/9mm and 1.5065»
An analysis by vapour-phase chromatography showed that 
the ketone was about 99% pure, the remaining 1% was due to 
an unidentified component. FIG. k is an exact tracing of 
the original chromatogram : peak A is due to the ketone, 
and peak B is due to the,!l%ndescribed above.
The oxidation procedure described above was found to 
be the most satisfactory; similar oxidations had been carried 
out under different experimental conditions. The details are 
recorded in TABLE 3 ( p«H? )» those of the above procedure 
are included for comparison.
4-Phenylseaicarbazone of (,-')-2-methyl-l-phenylbutan-3-one.
(-)-2-Methyl-l-phenylbutan-3-one ( 0.31g»» 0.0019mole )* 
in 96% ethyl alcohol ( 5^1 ), was added to a solution of 
4-phenylsemicarbazide ( 0.3^g*» 0.0022mole ) in 96% ethyl 
alcohol ( 5k*1 ) acidified with 3 drops of glacial acetic acid.
* The whole was heated on a steam bath for 2 minutes and filtered 
hot. The filtrate was cooled to room temperature, diluted 
with water ( 2ml ) and allowed to stand for 3 hours, A white 
solid ( O.AOg., 71% )» m.p. 85.5-86.5°, separated; it ( O.^Og.) 
was recrystallised from aqueous ethyl alcohol and gave needles, 
m.p. 120-121°; a second recrystallisation gave m.p. 88.5-89°* 
and a third gave m.p. 120-121°.
- 119 -
Found : C, 73*35; B, 6 .6 3 ; N,14.29; ^18^21^3° *,e<luires:
C,73.18; K,7•16; N,14.22%.
It appeared that the derivative exists in two crys­
talline forms, one melting at 88,5-89° and another at 120-121°,
/ "I" \Resolutxon of (-)-1: 2-dimethylcmnamyl alcohol,
Three resolutions ( 1, 2, 3 ) were carried out,
Resolution 1,
This resolution led to partially optically active 
(-)-1:2-dimethylcinnamyl alcohol having the following charac­
teristics : b.p. 86-87°/Oi3mm, n^51.5574, d|50.9976; cx^gg-3.13? 
a ^ 93~2.49° and a|^g-2.l8° ( 1,# ); found: C,8l.68; H,8.56;
cllIIl4c r eGUires : c , 81 * 45 ; H, 8.70% *
(+)-1:2-Dlmethylcinnamyl N-cc-naphthylcarbamate ( from Resoln.l.)
(-)-1 :2-Dimethylcinnamyl alcohol ( 2.43g.* C.Q15*nole) 
was dissolved in light petroleum ( b.p. 100-120°; 15ml ), and 
a-naphthyl isocyanate ( 2.80g., O.Ol65mole ) was added. The ■ 
whole was heated under reflux in an oil bath at 117-119° for
2 hours 15 minutes. On cooling a white crystalline solid
o r -24 o
( 4.80g., 98.5% ) separated; it had m.p. 95-99 and +29.13
(1,2; c,0.9435) in stabilised chloroform. The derivative was
subjected to 8 recrystallisations from light petroleum
(b.p. 100-120°) when it reached its maximum melting point
- 120 -
and rotation; the details are given below, all rotations were 
measured in stabilised chloroform solutions and with 1=2dm :■
Recrystal-
lisati.on
melting
point
r t25Ca]D concentration
1st 97,5-100.5° +29.47° 0.9835
2nd 98.5-100.5° +31.23° O.7365
3rd 99.5-101° +32.28° 0.774-5
4th 101-102° + .52. 46 0.6315
5th 100.5-102° +33.22° 0.5720
6th 101.5-102.5° +33.52° O.6565
7th 100.5-102° +33.55° 0.4770
8th 101-102° +3^.05° 0*4165
9th 101-102° +34.03° 0.4210
Found; 0,78.93; K,6,63; N*4»6i; ^22^23^2 re<Su -^res • C, 79.73;
H,6.39; N,4.23%
Resolution 2 .
/ + \(-)-1;2-Dimethylcinnamyl hydrogen phthalate•.
Phthalic anhydride (148,Ig.,1,Omole) was partially 
dissolved in hot pyridine (84g.,1.06mole) during 75 minutes.
The resulting yellow mixture was cooled and (i )-1;2-dimethyl- 
cinnamyl alcohol (162,2g,,1.Omole) was added. The whole was 
heated under reflux on a steam bath for 3 hours with occasional 
shaking. The resulting viscous yellow solution was cooled to
- 121 -
room temperature, diluted with acetone (1:1) and poured slowly 
with stirring into an excess of 3N hydrochloric acid and ice*
A yellow oil separated; it was stirred in the acid solution 
for 3 hours and left to settle. The acid layer was decanted. 
Fresh 2N hydrochloric acid was added, and the oil was again 
stirred for 3 hours. No solidification had occurred. The oil 
was taken up in ether, and the resulting ethereal solution was 
extracted with a saturated solution^sodium bicarbonate. The 
bicarbonate extracts were acidified with 3N hydrochloric acid 
with continuous stirring. A yellow oil separated; it solidi­
fied overnight; it (227g.) was collected, ground in a mortar, 
transferred to a Buchner funnel and washed with water until the 
filtrate was neutral; it had m.p. 73*6-76.5° and equivalent 
weight 337.5 (theoretical, 310.3).
+  \Resolution of (-)-1:2-dimethylcinnamyl hydrogen phthalate•
The (-)-hydrogen phthalate ( 200.Og.) was dissolved 
in acetone ( 400ml) and anhydrous brucine (233.5g.) was added. 
The whole was boiled under reflux on a steam bath until a 
homogeneous solution was obtained. On cooling, a white solid 
(A)(274g.) separated. (A) was systematically recrystallised •
11 times from acetone ( see FIG.5 ) to its optically pure 
state (L). The hydrogen phthalate obtained on decomposition
of (L) had [a]^+32.64° (1,2; c, 1.862) in stabilised chloroform.D
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(-)-1:2-Dimethylcinnamyl alcohol ( from Resolution 2.)
The brucine salts. (L) and (M’)(see FIG.5) were com­
bined (90g.) and suspended in acetone (20Gml). The acetone 
suspension was shaken with 3N hydrochloric acid and ice, and 
the hydrogen phthalate which separated was taken up in ether# 
The ethereal solution was washed with 2N hydrochloric acid'
( 2 x 20Qral ) and then with water until neutral; it was dried 
overnight over anhydrous sodium sulphate, and the ether was 
then removed under reduced pressure. A colourless oil (35.0g.) 
was obtained; it had equivalent weight of 335*7•
The hydrogen phthalate ( 35.0g.) was dissolved, in 
96% ethyl alcohol (128ml) and 5N potassium hydroxide (33*7g* 
in 117ml of water) was cidded. The whole was heated under 
reflux on a steam bath for 60 minutes and immediately steam 
distilled for 3 hours* The distillate was salted with sodium 
chloride and extracted with ether (3 times). The ether ex­
tracts were combined and dried overnight over anhydrous 
potassium carbonate. After.the ether had been removed, the
residual liquid was distilled giving (-)-1:2-dimethylcinnamyl
o 25
alcohol (13*96g.) having b.p. 84-85 /0.5»i^> *1^  1.5575* and 
a43 58"6 * 5^ ° ’ a5 0 8 6 ‘ 6 ,0 2  ’ “ s W l ” 5 '*15 ’ a5893-(t' , 8 8 ’ a6%38-^*23
(1,34).
- 124- -
Resolution 3*
/ + \(-)-1:2-Dimethylcinnamyl hydrogen phthalate was 
prepared by the method described in Resolution 2 from phthalic 
anhydride ( 148•Ig*,1.Qmole), pyridine (&3S•i1•C5mole) and 
(i)-1:2-dimethylcinnamyl alcohol (162.2g.,1.Omole); it was 
obtained as a yellow solid (303g.) having equivalent weight 
of 352.5.
(-)-1:2-Dimethylcinnamyl hydrogen phthalate (247g.) 
was dissolved in acetone (300ml) and anhydrous brucine (276*5g.) 
was added. The whole was subjected to the same treatment as 
described in Resolution 2. An excess of acetone was used to 
recrystallise the crude brucine salt, and the latter reached 
its optically pure state (G)(see FIG,6) after only 6 recrys­
tallisations. The optically pure brucine salt (G) gave, on 
decomposition with hydrochloric acid, ( +)-1 :'2-dimethylcinna- 
myl hydrogen phthalate (35.5g)i having equivalent weight of 
335«5» which on saponification with 5N potassium hydroxide
(33*7g. in 117ml of water) gave (-)-1:2-dimethylcinnamyl
o 25alcohol (l4,9g«)» having b.p. 90,5-91 /0.3mm» n^ 1,5578, and
25 /■ i-O 25 r'i n O 25 c h *? O 25 1, ft, O 25 / 08®
a4358 * a5G86“ * a546l“ ' ’ a5893 * a6438~i:
(l,1/^ ). Found: C,8l,19; H, 8. 34 *, C ^ H ^ O  requires: C, 81.45;
H,8.70%,
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(+)-1:2-Dimethylcinnamyl N~a~naphthylcarbamate ( derived from 
Resolution 2.)
(-)-1: 2-Dime thylcinnamyl alcohol (1« 21g. , 0.0075mole ) ,
oin light petroleum (b.p.100-120 ; 7ml), was heated under reflux 
with cc-naphthyl isocyanate (1.40g,,0.Q083mole) in an oil bath * 
at 118 -120° for 2 hours 10 minutes. On cooling, a white1 
solid (needles)(2.17$•* 8?«8%) was obtained; it had m.p. 109*5- 
111° and + • 60° (1,1 ; c, 1.184) in stabilised chloroform.
The derivative was recrystallised from light petroleum (b.p. 
100-120°) giving white needles having m.p. 111° and [ot3^  + 45*95° 
(1,1 ; c t0.7kk); one further recrystallisations gave m.p,111° 
and [a]p5+48.540 (1,1; c,0.515). Found: 0,78.5; H,6.4;
N,4.5; C22H2 NOg requires: 0,79.7; H,6.4; M,4.2%.
Reconversion of the (-)-1:2-dimethylcinnamyl alcohol (derived 
from resolution 5) into its hydrogen phthalate•
( -)-1: 2-Dimethylcinnamyl alcohol (Q.8lg.,0.0Q5mole) 
was added to phthalic anhydride (0•?4g•,0•005mole) in pyridine 
(Q.(t2g., O.OQ53mole), and the whole was heated on a steam bath 
for 3 minutes. The resultant homogeneous yellow oil was cooled 
to room temperature, then diluted with acetone (1:1) and poured 
slowly with stirring into an.excess of hydrochloric acid and 
ice. The pale yellow oil which separated was taken up in 
ether, and the resultant ethereal solution was extracted with 
a saturated solution of sodium bicarbonate (3 time's). On
- 12? -
acidification of the aqueous extracts with 2N hydrochloric 
acid, a colourless oil separated. The oil was taken up in 
ether; the ethereal solution was washed with water until 
neutral, then dried overnight over anhydrous sodium sulphate, 
and maintained for 5 minutes at 40°/15mm, followed by 
3 hours at 40°/0.9mm. The residual colourless oil. (0.86g.) 1
had [a]j^+56.85° ( 1»1; c,8.582) in stabilised chloroform. j
Catalytic hydrogenation of (-)-1:2-dimethylcinnamyl alcohol•
Three hydrogenations ( 1, 2, 3 ) of the (-)-alcohols 
( derived from Resolutions 1, 2, and 3 respectively ) were 
carried out.
Hydrogenation 1. ■ ■ j!
In a preliminary set of experiments commencing with j
the partially active ( -)-1: 2-dimethylcinnamyl alcohol derived |
from Resolution 1, hydrogenation and oxidation lead ultimately i !
/ + \to a specimen of the semicarbazone of (-)-2-methyl-l-phenyl-
<_ :■! 
butan-3-one, white needles from aqueous ethyl alcohol, having
m.p. 119-119.5°* Found: C, 65.63; H.8.13; N, 19.15 ; C ^ H ^ N ^ O  
requires: C ,65•72; H,7•82; N,19d6%,
Hydrogenation 2. j
(-)-1:2-Dimethylcinnamyl alcohol (12•7g •»0,Q77mole),
in solution in 96% ethyl alcohol (75ml), was hydrogenated over j
|
Raney nickel ¥-3 catalyst (ca.lg.). The details of the hydro- j
I
genation are given below : §
Time Temp. A  f Pressure A P Remarks
°c °c atm. atm.
First a-ay :
16.1? 22.5 89 System flushed twice 
with Hg(50atm.);
refilled to maximum 
pressure.
17.47 2 2 . 0 -0.5 8 9 Stirrer started
1 7 . 5 6 2 2 . 0 87 - 2 . 0
000H 2 2 . 0 8 7 White and green hea­
ters switched on.
18.12 2 4 . 0 + 2.0 88 + 1 . 0 Green heater off.
1 8 . 1 5 26.0 + 2 . 0 89 + 1 . 0 White heater off.
18.20 2 9 . 0 + 3 » o 90 + 1.0
H SO • CO
 1—1 36.0 + 7 . 0 9 0 Stirrer stopped.
Second day :
10.58 1 7 . 5 - 18.5 84- -6.0 Stirrer started; 
green heater on.
11.00 1 7 . 5 8 4 White heater on
1 1 . 1 3 26.0 + 8.5 86 + 2 . 0 Both heaters off.
1 3 . 5 9 3 3 . 0 + 7 . 0 88 + 2 .0 Stirrer stopped.
18.45 22.0 -11.0 85 ■
- 3 . 0 Apparatus vented.
The ethanolic solution was filtered through a fluted 
filter paper, and the filtrate was distilled on a steam bath.
- 129 -
The residual oil was taken up in ether, and the resulting 
ethereal solution was dried overnight over anhydrous potassium 
carbonate. The ethereal solution was decanted on to fresh 
anhydrous potassium carbonate and allowed to stand for 4 days 
with occasional shaking. Ether was then removed on a steam 
bath, and the residual liquid was distilled. A colourless 
liquid (10•?5g•»84%) was obtained; it had b.p. 8?°/1.0mm~ 
89°/1.2ram, d^50.9682, and 8+11.63°j a^Qgg + 7.97°,
a5%6l+6,67°’ a5893+5,56°’ a6438J^ ”39°(1’’4)‘ Found: C.79.78; 
H,9*66; ^11^x6® requires: C,80.46; H,9«82%.
A vapour -phase chromatography showed that the hydro­
genated product contained two components which were present 
in the ratio 1,548:1 ( see FIG.? )•
Oxidation of (+)-2-methyl-l-phenylbutan-3-ol (derived from 
Hydrogenation 2.)
(+)-2-Methyl-l-phenylbutan-3-ol (5•32g.,0.O324mole) 
was dissolved in glacial acetic acid (10ml), and the resulting 
solution was heated in an oil bath at 80°. A suspension of 
powdered chromic anhydride (3•85g•50,O385mole) in glacial 
acetic acid (20ml) was added during l?minutesf with mechanical 
stirring. Stirring was continued for a further 1? minutes
i
at 80°. The reaction mixture was cooled slightly and poured 
slowly with stirring into water (50ml). The product was taken 
up in light petroleum (b .p. 40-60°), washed with a.....solution
- 130 -
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of sodium bicarbonate ( 3x30ml), followed by water (4x40ral) 
and dried over anhydrous magnesium sulphate for 234 days. The j 
light petroleum was removed by suction, and the residual
yellow liquid was distilled, giving a pale yellow liquid(3«38g);
o o 25having b.p. 69*5 /0. 9mm-79• 5 /1.7mm, 1,5044, which when •
fractionally redistilled gave the following three fractions:
Ib b.p. 70-71°/l.lmm, n^5 1.5041, 0.46g.
IIb 7l-73°/l.imm, 1.5042, X.52g.
IIIb 73-73.5°/l.lmn, 1,5043, 0.75g.
all fractions were pale yellow liquids.
Fraction IIb had a^gg-2 .58°, a ^ ^-2.100, ol^93~1.76°\ 
'a6 k 5 ^ le31° Found: C, 81,24; H,8.54; C-^K-^O requires: j
C,81,45; Hf8.70%.
Vapour-phase chromatography showed that the oxidation ( 
product contained a main component (A, 99%) and a lower- 
boiling component (S, 1%)(see FIG.8). |
4-Phenylsemicarbazone of (-)-2-methyl-l-phenylbutan-3-one
(derived from Eydrogenation 2.). , —  —     ^   ![
4-Fhenylsemicarbazide (0.95g*»0.Q063mole) was dis­
solved in 95% ethyl alcohol (7ml), followed by the addition 
of 3 drops of glacial acetic acid. (-)-2-Methy1-1-phenyl-
butan-3-one ( fraction IIb, l.G2g,,0.Q063mole) in 95% ethyl 
alcohol (?ml) was added, and the 'whole was heated on a steam
- 133 -
bath for 3 Minutes. The resulting solution was filtered hot.
The filtrate was allowed to cool to room temoerature and then 
diluted with water (5ml). A white solid (1.60g.,S6%) separated; 
it had m.p.119-120°, and [a]j^-l,49° (1,1; c,5*352) in stabi­
lised chloroform. It (l,60g.) was recrystallised from aqueous 
ethyl alcohol and gave white needles (1,43g • ) having ra.p.,119- 
120°, and [a]^-1•59° (1,1, c,5*658). One further recrystal­
lisation from aqueous ethyl alcohol yielded white needles 
(1.19s*) having m.p*119*5-120.5°, and [a]j?^ -1.43° (1,1; c,5.032) 
Found: C,72.82; R,6,6?; N,14.39; C2pH2lN3° reRuires: C,73*18; 
H,7.l6; N,14.22%.
Hydrogenation 3 •
( - )-1: 2-Dimet hylc'innamyl alcohol (derived from 
Resolution 3, 13 • 63g •0. O84mole ) , in solution in 96% ethyl 
alcohol (73m1) was hydrogenated over Raney nickel ¥-3 catalyst 
(ca.lg.). The details of the hydrogenation are given below:
Time Temp. A  T Pressure A p Remarks
°C °c atm. atm.
First day :
15.33 16.0 93 System flushed with 
Hg, ( 50atm. ) ; refilled 
to maximum pressure.
16.00 14.0 -2.0 93 Stirrer started.
16.03 14.0 94 -1.0 Heaters switched on.
16.21 25.0 + 11.0 93 -1.0 Heaters switched off.
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Time Temp. A  T Pressure A  P Remarks
°C °c atm. atm.
16.33 28,0 + 3.0 94 + 1.0
19.06 29.0 + 1,0 95 + 1.0 Stirrer stopped.
Second day :
13.00 - 9.0 -20,0 90.5 -4.5 Stirrer started
13.03 . . 9.0 90.0 -0.5 Heaters on
13.10 11,0 + 2.0 90.0 Heaters off
14.15 19.5 +8,5 92.0 + 2.0 Stirrer stopped; 
apparatus vented.
The eth anolic solution wa s worke d up as in Hydroge-
nation 2 • On distillation of the crude product, a colourless
liquid (12,03S.»88%) was obtained; it had b.p, 84 -85•5°/0.4mm
ri^ -’l.51451 d ^ O . 9696, and a ^ 5g+10.94u, a ^ g 6+7.75°,
a546l+6,4l°’ a5893+5'35°’ a6438+4,32° • F°und: C,8o.2:
H , 9 • 5 8 ; ^11^16^ requires: 0,80.44; H,9.82%.
Vapour-phase chromatography showed that the hydro­
genated product contained two components which were present 
in the ratio 1 • 4l8 : 1* (see FIG.9).
Oxidation of ( + )-2-methyl--1-phenylbutan-g-ol (derived from 
Hydrogenation 3 «)
(+)-2-Methyl-1-phenylbutan-3-ol ( 3 • 28g . , 0 .02mole ) , 
dissolved in glacial acetic acid (10ml), was oxidised as 
above with a suspension of powdered chromic anhydride
1I
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(2.37g•,0.O23?mole) in glacial acetic acid (10ml). The total 
heating time was 17 minutes.
Two further identical experiments were carried out, 
and the products from the three experiments were combined.
The ketone was taken up in light petroleum (b •p•40-60°), 
washed with a solution of.sodium bicarbonate (3^50ml), followed 
by water (4x50ml), dried over anhydrous Eiagnesium sulphate 
for 3 hours and distilled, giving the following three fractions:
rS £*
Ia b.p. 6 2.5-65°/0.2mm, n^l.5042, 1.65g.
Ila 65-66° /Q • 2mm, 1.5042, 4.73g.
IIIa 66-67,.5O/0.2mm, 1.5044, 1.08g.
Fraction Ila was redistilled and gave :
Ib b.p. 69-69.5°/0.3ram, n^51.5040, 0.54g.
IIb 69.5-71°/0.3*nm, 1.5039, 2.l6g.
IIIb 71-73°/0.3mm, 1.5041, l.29g.» .
Fraction IIb had a|j>86-2.16°, a ^ 6l-l. 76°, aj^^-1.420, 
'a8^38”1.07° (l,1/^ ). Found: C, 80,83; 11,8.44; O^EL^O requires: 
0,81.45; H,8.70%.
f • •
Vapour-phase chromatography showed that the oxidation 
product contained one main component (99%) and a lower-boiling 
component (B, l%)(see FIG.10).
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4-Phenylsemicarbazone of (-)»2-methyl»l-phenylbutan-3-“One 
(derived from Hydrogenation 3»)•
The low-boiling and the high-boiling fractions
( Ib and XXXb, see p.137 ) of (-) -2-methyl-l-phenylbutan-3-one
S 5 owere combined; the resulting mixture had a^g^-1.28 (l,1/^ ). .
The (-)-ketone (1 • 67g. j 0• 0103mole ) , in solution in <)6% ethyl 
alcohol (10ml), was added to a solution of 4-phenylsemicar- 
bazide (1.56g.,G.0103mole) in 96% ethyl alcohol (10ml) aci­
dified with 3 drops of glacial acetic acid. The whole was 
then heated on a steam bath for 3 minutes, and filtered hot. 
The filtrate was cooled to room temperature, diluted with 
water (3ml), and cooled in an ice-bath for 3 hours. A' white 
crystalline solid (2,44g.,8G%) was obtained;, it had m.p, 
114,5-115.5° and [a]^5-1.87°(1,1 ; c,5.350) in stabilised 
chloroform, Xt (2,39g.) was recrystallised from aqueous 
ethyl alcohol and gave white needles (2.02g.) having 
m.p.118.5-119.5° and [a]^-1.72° (1,1; c,5.231); one further
recrystallisation gave m.p, 119-120 and [oc] -1,69 (1,1;
y
c,5.4-4?). Found: 0,73.28; H,6.??; N, 14.48; ClgH21N30 
requires: C,73.18; H,7.l6; N,14,22%.
Semicarbazone of (-)-2-methyl- enylbutan-3-one (derived
!
from Hydrogenation 5.)•
(-)-2-Methyl-l-phenylbutan-3-one (fraction XIb,1.43g.» 
0.0088mole), in solution in 96% ethyl alcohol (10ml), was
- 139 -
added to a solution of semicarbazide hydrochloride (1.08g.,
0#0097niole) and sodium acetate (1.25g») in water (15ml). The
whole was shaken manually for 5 minutes and allowed to stand
at room temperature. A white crystalline solid separated
after 15 minutes. The reaction mixture was allowed to stand
at room temperature for 2Sk days, cooled in ice and filtered.
The white solid (2.04g.) did not give a homogeneous solution
in chloroform; it (2.04g.) was dissolved in chloroform and
filtered; the filtrate was evaporated in vacuo to dryness
and gave a white solid (1.53g.,79%) which had m.p. 115-116°
25 oand [&]q -2.44 (1,1; c,6.155) in stabilised chloroform.
The derivative (1.47g.) was recrystallised from aqueous
ethyl alcohol and yielded white needles having m.p.116.5°
25 oand [a]^ -2.20 (1,1; c,4.114); one further recrystallisation
gave m.p. 116,5°'and [oOq^-2•33° (1,1; c,3*035)• Found:
C,65.49; H, 7. 38 ; N, 19.25; C ^ H ^ N  0 requires: 0,65.72; H,7.82
N,19.16%.
- l4o  -
Section II.
Preparation of (-)-1-(oc-furyl) ethanol.
Magnesium turnings (37.5 g 1•54g.atom)were placed 
in a 3-r.ecked flask fitted with a double-surfaced condenser,, 
a mercury-sealed stirrer1 and a gas delivery tube. Sodium- 
dried ether (300ml) and a small crystal of iodine were added. 
Methyl bromide (150g • , 1. 57mol.e ) was allowed to bubble into 
the ether fairly quickly and then stopped. The stirrer was 
started at a slow rate. As soon as the reaction started, the 
flask was it-nmersed in a cold water bath, and the methyl bro­
mide was allowed to bubble into the ether again at such a 
rate that the ether was maintained at a moderate reflux.
The stirrer speed was increased.
When all the meth yi bromide had been added, the 
ethereal solution of methylmagnesium bromide was kept stirred 
for another 15 minutes. Redistilled furfuraldehyde (136.5 g•, 
1.42mole), in ether (100ml) was then added dropwise, at such 
a rate that the ether was maintained at a moderate reflux. 
When all the furfuraldehyde had been added, the ethereal 
suspension of the resulting complex was kept stirred for 
another 30 minutes. The complex was then poured on to a 
mixture of ammonium chloride (80g.,1.49^ole) and crushed 
ice contained in a large filter funnel. The decomposed 
product was collected in a separating funnel placed.under-
- X4l
neath, The ether layer was washed with 2N sulphuric acid 
( 3 times), followed by water (4times), then dried overnight 
over anhydrous potassium carbonate and distilled. The crude 
alcohol (Ia, 95.1g.,6o%) had b.p. 68-74°/l4mm and n^l.4785. 
Redistillation of (Xa) yielded the following fractions :
Ib b.p. 76°/15mm, nJr5X.4786, 3.6g.u
IIb 75°/15mm, 1,4776, 87.8g.
IIIb 75.5°/15ram, 1.4770, l«8g.
Duveen and Kenyon (J.C.S., 1936, 621) record 56% yield, 
b.p. 162-163° and 70°/15mm, n*5 X. 4o27 .
(it) ,i~ (q-Furyl) ethyl N-a^naphthylcarbamate •
(-)-1-(a-Furyl)ethanol (1,27g.,0.Ollmole) and a-naph-
thyl isocyanate (2,50g.,0•Ollmole), in solution in light
opetroleum (b.p.100-120 ; 5nil), were heated under reflux in 
an oil bath at 120° for 1 hour. The solution was then filtered 
hot, and the filtrate was cooled in ice. A white solid 
(1.64g.,53%) separated; it had ra.p.126-127°, and after two 
recrystallisations from light petroleum (b.p,100-120 ) had 
m.p. 131.5°. Found: 0,71.79; H,4.76; N,5.20; C ^ H ^ N O ^  
requires:C,72.57; H, 5 • 3 7 ; N,4.98%.
, |
Catalytic hydr ogenation of (-)-1-(oc-furyl) ethanol •
(-)-1-(a-Furyl)ethanol (28.Og.,0.25mole), in solution
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in 99% ethyl alcohol (100ml), was hydrogenated over Raney 
nickel ¥-3 catalyst. The details of the hydrogenation are 
given below :
■ Time Temp. A t Pressure AP Remarks
°C °c atm. atm.
First day :
14.10 13-0 100 System flushed with 
Hh(50atm.); refilled.
14.45 13.0 100 Stirrer started
14.55 13.0 100 Heaters switched on
15.10 21.5 +8.5 103 + 3.0
15.40 61.0 + 39.5 105 + 2.0 Heaters switched o f f
16.10 70.0 +9.0 98 -7.0 Maximum temperature
18.40 44,0 -26.0 88 -10.0 Stirrer stopped.
Second day :
11.0 11.0 -33.0 79 - 9 . 0 Apparatus vented.
The ethanolic solution was filtered through a fluted
filter paper* The filtrate was concentrated by distillation 
on a steam bath. The residual liquid was distilled at reduced 
pressure: a colourless fruity-smelling liquid. (19•3g•»66%)(Ia)
was obtained; it had b.p. 50-65 .5° / H »5mra and n ^  1,4476.
(Ia) was fractionally redistilled and yielded the following 
fractions :
Ib b.p. 63-63.8°/ll.5mm, n^51.44?3, 2.80g.
IXb 63.8-64,5°/H * 5 mm, 1.4476, 4.56g.
IXXb 64.5-65* 2°/ll.5mm, 1.4477, 5.l4g.
-  143 -
IVb b.p. 65.2-67.8°/11.5mm, t35 1.4480, 5.76g.u
Paul (Bull. Soc. Chim.,1937, [5], 4, 846) records 
b . p. 71°/l6mm, n^l. 45002 for (-)-1-( a-t etrahydrofuryl) ethanol.U
( - ) -1- (oc-Tetrahydrofuryl) ethyl N-oc-naphthylcarbamate .
Each fraction of the hydrogenated product above 
(lb , XIb, IIIb and IVb, 1,l6g.,0aOlmole) was heated under 
reflux with a-naphthyl isocyanate (1•90g•,0•Ollmole) in an 
oil bath at 3.00° for 20 minutes. The solutions were filtered 
hot, and the filtrates were cooled in ice. The working up 
of the derivative obtained from each alcohol fraction is 
described below : 
lbFraction I
A white solid (2.92g,) was obtained; it was recrys­
tallised from light petroleum (b,p.100-120°) and yielded 
needles (A^)(1.10g.) having m.p. 65-69°* (A-^ ) was subjected 
to four further'recrystallisations and gave a small amount 
of white needles (Aj-) having m.p. 95-96°. 
bFraction II
A white solid (2.73g«) was obtained; it was recrys­
tallised once and yielded white needles (B-^ ) having-
i
m.p.69-70°.
bFraction III
A white solid (1.57g*)(C ) was obtained. The filtrate
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was concentrated and cooled in ice; a crop of white needles 
(C^)(0.19g.)fhaving m.p.85-89°, was obtained.
(C^) was recrystallised once and gave needles (C^) * 
(0.83g.) having m.p. 65.5-68.5°.
(C^) was recrystaliised once and gave needles (C^) 
(0.12g.) having m.p„87-88°. 
bFraction IV
A white solid (D )(0.29g.) was obtained; it hado
m.p, 88-91°. The filtrate was concentrated and cooled; a 
white solid (D^)(0.43g.) was obtained.
(D^) was subjected to three recrystaJ-lisations and 
yielded white needles (D^) having m •p.97•5-98°,
A mixture of (D)(m.p.88-91°) and (C£)(m.p.87-88°) 
had m.p.89-91°.
A mixture of (D^)(m.p.97•5-98°) and (A^)(m.p•95-96°)
had m.p.95•5-96°.
(D£) was analysed. Found: 0,71.82; H,6.8l; N,5.07;
5
C--H.nN0- requires: 0,71.57; H,6.71; N,4.91%.17 19 5
Attempted preparation of (-)-1-(q-tetrahydrofuryl)ethyl 
3-nitro-phthalate•
(1)-1-(a-tetrahydrofuryl)ethanol (1.l6g.,O.Olmole)
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was mixed with 3-1iitrophthalic anhydride (m.p.162°; X.93g*, 
G,01mole), and the whole was heated under reflux in an oil 
bath at 100° for 15 minutes. The reaction mixture became 
grey.
Other attempts to prepare the 3-nitrophthalate were 
made under different experimental conditions. In all expe­
riments the same amounts of reactants as above were used. 
The details of the experiments are recorded in TABLE 4; 
the temperature of the oil bath was at 100°, except as 
otherwise stated in brackets.
Exp. Solvent 
(g .  , mo1e)
Heating 
time 
mins •
Remarks
2 Pyridine 
(0.79g.,0.01m,) 
+
Dioxan
(10ml)
60 Reaction mixture turned 
almost black; when it was 
poured into water, no 
definite layer was observed
3* Toluene
(25ml)
l8o Reaction mixture was fil­
tered; both the solid and 
the filtrate were black.
Zj. * * Pyridine 
(0.79g.,0.01m)
ll
(87°)
Yellow oil after treat­
ment with 2N hydrochloric 
acid.
* The reactants were mixed and cooled in ice before the 
solvent was added.
** The reactants and solvent were mixed and stirred with
a glass rod, but the mixture did not become- homogeneous. 
The mixture had to be heated at 8?° for 11 minutes with 
stirring before homogeneity was obtained. The oily 
product did not solidify.
TABLE k
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Modified Raney nickel ¥-5•
Raney nickel ¥-3 (prepared as described on p.99) 
(ca.3g») was mechanically shaken for 1 hour with 20 ml of a 
formic acid solution (30ml of 98% formic acid diluted with 
200ml of water). The nickel was allowed to settle overnight, 
and the green supernatant liquid was decanted. The residual 
nickel was washed by stirring with a glass rod with water 
(3^20ml), and then with 96% ethyl alcohol (2x20ml); it was 
finally kept under 96% ethyl alcohol.
Catalytic hydrogenation of (-)-l-( oc-furyl)ethanol using 
modified Raney nickel ¥-3 && catalyst,
(t)-l-(a-Furyl)ethanol (28g,,0,23mole), in solution 
in 96% ethyl alcohol (100ml), was hydrogenated over modified 
Raney nickel ¥-3 (ca.3g»)» The details of the hydrogenation
are given below :
Time Temp, A  T Pressure A  P Remarks
0
O
0
0 atm. atm.
First clay ':
12.36 19.5 99 System flushed 
twice with Hp(50atm) 
refilled.
14,08 
14.30
17.5
17.5
-2.0 99 
98:
O
•
H1
Stirrer started
Green and White 
heaters switched on
. 14.53 48.5 +30.5 106 +8.0 Green heater off
003•IAH 64.0 +15.5 1 1 0 +4.0 White heater off
- 1^7 -
Time Temp. A  T Pressure A P Remarks
°c °C atm. atm.
15.30 6%,5 +0.5 110
15.58 62.5 -2.0 109 -1.0 Green and white 
heaters switched on.
16.15 76.5 +14,0 111 + 2.0 Green heater off.
16.55 85.5 +9*0 108 -3.0
18.20 93.5 +8*0 10? -1.0 White heater off,
20.20 62.5 -31.0 98 -9 • 0 Stirrer stopped.
Second day :
11.15 14,5 -48.0 85 -13.0 Stirrer started; 
green and white 
heaters switched on.
12.30 125.5 +111.0 114 +29.O Heaters off.
15.12 66. o -59.5 99 -15.0 Both heaters on.
16.45 150.5 +84.5 114 +15.0 Heaters off.
19.55 66.0 . -84.5 8? -27.0 Stirrer stopped.
Third day :
11.32 15.5 -50.5 76 -11.0 Apparatus vented.
(*) See page 101.
The ethanolic solution was recovered and worked up 
as before. A colourless liquid (la)(13•9g•48%) was obtained; 
it had b.p. 6l-72°/ll.5mra. Redistillation of (la) yielded 
the following fractions :
Tb .I b.p. 60-67.5°/l4mm, 1.4408, 1.51g.
IIb 67•5-69°/l4mm, 1.4448, 2.76g.
IIIb 69-70•8°/l4mra, 1,446o, 3.74g.
&. >
 H 71-74.5°/l4mm, 1.4480, 4,99g.
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+( - ) -1- (oo-Tetr ahydrofuryl) ethyl N-oc-naphthyl carbamate .
A portion (1,l6g.f0•Olmole) of fraction II above 
and a-naphthyl isocyanate (1.86g,,0.Olmole) were mixed in 
light petroleum (b .p.100-120°; 10ml), and the whole was 
heated under reflux in an oil bath at 115-120° for 2 hours.
The hot solution was allowed to cool overnight.
An identical experiment was carried out with fraction 
IVb above.
Both solutions deposited a white crystalline solid 
and an oil. The details of the working up are as follows: 
bFraction II
The crystalline solid (A^) and the oil were collected. 
On standing for 1 day, the oil solidified (Bj j )*
(A n )(1 *32g;) had m.p.75-78.5°, after 5 recrys­
tallisations from light petroleum (b.p.100-120°) had 
m.p. 100-101°.,
(Bxx)(0.72g.) had m, p.78.5-81°, and after 2 recrys- 
X I
tallisations had m.p. 84-87°.
Fraction IVb
Similar results were observed. (A^ -y) (0• 77g* ) had 
m.p* 89-95°, and after 6 recrystallisations had m.p. 103.5°. 
(B-r,r) (1.43g. ) had m,p.85-91°, and after 6 recrystallisations
X V
had m.p, 97-97.5°.
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Temp.°C Temp, °C
96
3 \
92
90 90
88 88
8686
100%(Aiy)
Temperature-Composition curves of two specimens 
of (-)-1-(a-tetrahydrofuryl)ethyl N-a-naphthyl- 
! -carbamate.
I'T.3. Squares and broken curve are due to unfused mixtures; 
Circles and full curve are due to fused mixtures.
FIG. 11
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During the course of purification of the derivatives 
a sample of (A ) (m.p. 97-97 • 5°) and -.a samnle of (B__)(ei.t>.85-860)XV ■" XX
were mixed in the proportions described below, and the
melting points of the resulting mixtures determined :
(Aiy) (Bxx) Melting £ 
ftnfused mixture
ioints
*
Fused mixture
12 mg. 48mg. 98° 96°
2 -^mg • 36rag. 9^*5° 95°
30mg. 3Gmg. 92.5° 95°
36mg. 24mg. 91.5° 93°
k 8 mg. 12 mg. 89° 93°
The melting point-composition curves of the mixtures 
above are reproduced in FIG.11.
Attempted oxidation of (-)-1-(q-tetrahydrofuryl)ethanol.
(I)-1-(cx-Tetrahydrofuryl)ethanol (2.32g.,O.Q2mole) 
was aissolved in glacial acetic acid (7*5®!). The resulting 
solution was warmed on a steam bath for 2 minutes, and then 
powdered chromic anhydride (1•40g•,0•0l4mole) was added 
portionwise with shaking during 20 minutes. The green solu­
tion was poured slowly into water (25ml) and extracted with
i *
ether. The ethereal extract was washed with a solution of
sodium carbonate (3x20ml), followed by water until neutral,
dried overnight over anhydrous sodium sulphate and distilled.
* These melting points are the temperatures at which the 
last trace of solid disappeared.
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The ether contained no solute*
The experiment’ was repeated using identical amounts 
of reactants, but 'the oxidation was carried out in an oil 
bath at 85° during 20 minutes* The ether extract was worked 
up as above; again no solute was present.
The sodium bicarbonate washes were combined, then 
acidified with IN sulphuric acid and extracted with ether.
This also yielded nothing. ' - '
It was ’concluded that oxidation with chromic anhy­
dride in glacial acetic acid had led to water-soluble products, 
presumably the tetrahydrofuran ring was opened with the for­
mation of either a li4-glycol or some other products.
Attempted oxidation of (-)-1-(q-tetrahydrofuryl)ethanol 
with N-bromosuccinimide.
(i)-i-(a-Tetrahydrofuryl)ethanol (2.32g•,0,02mole) 
was added to a mixture made up of ether (46ml), methyl 
alcohol (15ml) and water (15ml) contained in a separating 
funnel. N-bromosuccinimide (3•70g*»0•02mole) was added, and 
the whole was shaken by hand for 40 minutes. The ether layer 
became bromine-coloured, the aqueous layer was yellow; the 
latter (A) was separated and kept. The ethereal layer was 
washed with a dilute solution of sodium bicarbonate (2x2Qml), 
followed by 2N sodium hydroxide (2x20ml), and then with water
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until neutral. The aqueous washings-(B) were kept. The 
ether extract was dried overnight,over anhydrous sodium 
sulphate,and distilled; it gave no product.
The washings (B) were extracted with ether. The 
ether extract was washed with brine until neutral, dried 
over anhydrous magnesium sulphate for 12 hours and distilled, 
but yielded no product.
The aqueous layer (A) was added with stirring to
a solution of 2:4-dinitrophenylhydrazine ( about Ig.) in
2N hydrochloric acid (1 litre). A flocculent precipitate
oappeared overnight; it(0.6(tg.) had m.p. 230-231#5 (decomp,)*
